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FOREWORD 


The  Army  Research  Institute  Field  Unit  at  Fort  Rucker,  Alabama,  has  the 
mission  of  providing  timely  research  and  development  support  in  aircrew 
training  for  the  U.S.  Army  Aviation  Center.  Research  and  development  are 
conducted  inhouse,  augmented  by  contract  research  as  required.  This 
research  report  documents  work  done  under  contract  by  University  of  Dayton 
Research  Institute  as  a  part  of  the  Field  Unit's  effort  to  remain  proactive 
in  responding  to  future  training  needs  in  Army  aviation. 

The  report  identifies  for  the  period  1985-2000  aviation  systems  with 
unique  training  needs  and  the  training  requirements  for  these  systems. 
Personnel  affordability  for  these  systems  is  also  discussed,  but  not  in 
detail. 

This  effort  is  responsive  to  Army  Project  2Q763743A765  and  to  the 
U.S.  Army  Aviation  Center,  Fort  Rucker,  Alabama. 
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A  FORECAST  OF  ARMY  AVIATION  TRAINING  RESEARCH  AND  DEVELOPMENT  REQUIREMENTS 
FOR  THE  PERIOD  1985  TO  2000.  VOLUME  I 

EXECUTIVE  SUMMARY 


REQUIREMENT : 

To  identify  U.S.  Army  aviation  system  and  subsystem  acquisitions  pro¬ 
jected  for  the  years  1985  to  2000,  and  the  associated  requirements  for 
behavioral  research  needed  to  meet  new  training  requirements  for  these 
acquisitions* 

PROCEDURE: 

The  project  started  with  on-site  interviews  with  Army  personnel  at 
various  developing  agencies  and  commands ,  to  identify  aviation  systems  and 
subsystems  that  would  be  introduced  during  the  period  1985  to  2000.  Survey 
interviews  were  conducted  with  Development  and  Material  Readiness  Command  pro¬ 
ject  managers.  Training  and  Doctrine  Command  system  managers,  and  Army 
Aviation  Research  and  Development  Command  engineers  and  scientists. 

A  list  of  future  Army  aviation  systems  and  subsystems  was  developed  from 
the  survey  results.  Scoring  models  were  used  to  analyze  information  collected 
in  the  survey.  The  relative  importance  of  each  system  and  subsystem  to  future 
Army  aviation  operations  was  considered,  system  elements  which  will  require 
different  or  new  training  were  reviewed,  and  training  requirements  were 
def ined. 

Some  factors  which  may  affect  the  size  and  characteristics  of  the  future 
trainee  population  were  examined  because  trainability  of  the  available  person¬ 
nel  is  one  of  the  key  dimensions  for  training  research.  Although  the  scope  of 
this  project  did  not  permit  the  extensive  analysis  which  this  subject 
deserves,  the  importance  of  some  factors  became  apparent  in  the  review  of 
available  data.  These  limited  findings  are  documented  in  the  report. 

A  comprehensive  literature  search  was  conducted  on  several  data  bases  to 
identify  the  extent  of  behavioral  research  in  various  areas  related  to 
aviation  aircrew  training  requirements.  Finally,  behavioral  research 
requirements  for  meeting  future  training  needs  were  forecast,  using  the 
results  of  the  analysis  of  survey  information  and  the  review  of  literature  on 
related  behavioral  research. 

FINDINGS : 

The  survey  indicated  unanimous  agreement  that  the  importance  of  physical 
skills  in  flying  will  be  reduced  while  the  decision-making  workload  will 
increase,  so  that  Army  aircrews  will  continue  to  perform  near  the  upper  limit 
of  their  qjoilities.  Cockpit  information  clutter  will  be  reduced  by  the 
substitution  of  cathode  ray  tube  (CRT)  displays  for  dial  systems. 

The  mast-mounted  sight  and  other  new  targeting  sub-systems  will  revolu¬ 
tionize  combat  capabilities  and  substantially  increase  the  amount  of  training 
required  for  night  and  adverse  weather  operations.  These  subsystems  will  pro¬ 
vide  substitute  cues  for  flight  and  combat  operations  which  will  require 
training  changes.  Pilot  orientation  to  images  in  different  coordinate  systems 
may  result  in  vertigo  or  other  adverse  reactions.  Air-to-air  combat  training 
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will  be  necessary  but  difficult  tc  establish  because  of  the  absence  of 
doctrine  based  on  combat  experience. 
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The  scoring  model  evaluation,  and  the  data  on  training-related  charac¬ 
teristics  of  each  of  the  items  of  Array  aviation  equipment  reviewed,  may  be 
used  as  a  basis  for  determining  the  needs  for  new  training  approaches  for  each 
system  or  subsystem.  The  CRT  displays  will  shift  training  emphasis  away  from 
cockpit  familiarization  toward  recognition  of  information  needs  and  ability  to 
establish  decision-aiding  information  flows.  Cockpit  automation  will 
accelerate  the  trend  toward  computer-recorded  performance  and  computer- 
assisted  instruction  and  training  in  the  air  and  on  the  ground. 

Because  many  combat  tasks  will  be  performed  through  the  use  of 
electronically-gathered  information,  the  use  of  part-task  trainers  which  simu¬ 
late  only  the  display  and  associated  task  controls,  should  be  studied  for 
these  tasks.  Adverse  weather  operations,  night  nap-of-the-earth  (NOE)  flight, 
and  rapid  deployment  will  require  new  training  methods  and  an  increasing  pro¬ 
portion  of  total  training  time.  In  addition,  night  operations  may  require 
selection  of  personnel  who  have  special  aptitudes  in  this  area. 

Reductions  in  the  number  of  Army  personnel  accessions  relative  to  per¬ 
sonnel  demands  may  require  changes  both  in  selection  criteria  and  in  training 
methods.  The  currently  used  model  for  predicting  Army  personnel  accessions  is 
likely  to  seriously  underestimate  probable  accessions  because  the  population 
base  on  which  the  model  is  based  is  dramatically  different  from  that  which 
will  exist  in  the  1982  to  2000  period. 

Recommendations  for  research  include  the  following:  (1)  better  defini¬ 
tion  of  the  qspropriate  balance  between  simulator  training  and  flying 
training,  with  specific  consideration  of  aircrew  psychological  needs  for 
actual  flying:  (2)  behavioral  research  on  practical  integration  of  visual, 
auditory,  and  tactile  sensory  inputs  in  cockpit  design;  (3)  research  on  fac¬ 
tors  relevant  to  aircrew  behavior  at  the  break  point  of  workload  saturation; 
(4)  examination  of  possible  gains  from  reversal  of  the  training  sequence, 
i.e. ,  having  instrument  flight  training  in  simulators  precede  visual  flight 
training;  (5)  research  on  piloting  requirements  for  NOE  operations  in  environ¬ 
ments  offering  minimal  concealment  and  in  areas  dominated  by  man-made 
structures;  (6)  research  on  behavioral  factors  involved  in  close-formation 
helicopter  flight  operations;  (7)  identification  of  methods  of  measuring  apti¬ 
tudes  for  information  processing  and  combat  decision-making;  (8)  development 
of  a  fundamental  understand ing  of  human  responses  to  presentations  of  task- 
related  visual  abstractions,  to  support  development  of  CRT-displayed  cueing 
systems;  and  (9)  research  to  determine  the  characteristics  of  mission-related 
information  which  should  be  provided  in  map-type  displays,  particularly  for 
NOE  operations. 


UTILIZATION  OF  FINDINGS: 

The  findings  are  intended  to  assist  the  Army  in  identifying  aviation 
aircrew  training  research  and  development  requirements  for  the  period  1985  to 
2000. 
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SECTION  1 
INTRODUCTION 


This  research  project  was  designed  to  identify  U.S.  Army  aviation  system 
and  subsystem  acquisitions  projected  for  the  time  period  1985  to  2000  which 
will  require  behavioral  research  to  meet  new  training  development  needs.  The 
project  consisted  of  three  tasks:  (a)  a  survey  to  identify  future  Army 
aviation  related  systems  and  subsystems;  (b)  the  identification  of  systems 
with  unique  training  needs;  and  (c)  the  determination  of  training  requirements 
and  the  forecasting  of  behavioral  research  requirements  for  the  systems  with 
unique  training  needs.  In  addition  to  these  three  tasks,  a  limited  amount  of 
data  was  developed  concerning  the  issue  of  personnel  availability.  Further 
consideration  of  this  issue  is  important  in  terms  of  its  relation  to  personnel 
qualifications  and  their  consequential  effect  on  training  needs. 

The  results  of  the  project  are  intended  to  assist  the  Army  in 
identifying  behavioral  research  requirements  for  future  Army  aviation  aircrew 
training  before  the  new  aviation  systems  and  subsystems  are  introduced.  The 
couplet  ion  of  behavioral  research  programs  should  aid  the  development  of 
effective  training  programs. 

The  University  of  Dayton  research  project  team  conducted  on-site 
interviews  with  Army  personnel  at  various  agencies  who  are  responsible  for  or 
are  participating  in  the  development  of  future  Army  aviation  and  related 
systems  and  subsystems.  A  survey  questionnaire  was  developed  for  the 
interviews  and  documents  on  Army  aviation  RSD  programs  were  reviewed  [1,2]  to 
identify  the  principal  aviation  systems  and  subsystems  which  are  expected  to 
be  introduced  in  the  future.  The  survey  questionnaires  also  were  used  to 
obtain  Army  aviation  experts'  opinions  on  differences  in  training,  new 
training  needs,  and  potential  behavior  ad  research  requirements. 

The  extensive  literature  review  identified  the  behavioral  research  work 
which  has  been  acconplished  in  this  field  and  revealed  the  areas  where  further 
behavioral  research  is  required.  The  literature  review  disclosed  a  long 
history  of  Army  involvement  in  research  concerning  aviation  training, 
generally  with  a  narrow  focus  on  single  issues.  Only  a  few  research  efforts 
examined  overall  training  issues,  training  needs,  or  behavioral  research 
requirements  for  future  Army  aviation  training. 

The  Conference  on  Aircrew  Performance  in  Army  Aviation,  held  at  the  U.S. 
Army  Aviation  Center,  Ft.  Rucker,  Alabama  on  November  27-29,  1973  was  the  most 
comprehens ive  previous  effort  to  analyze  Army  aviation  training  issues  and 
behavioral  research  requirements.  Participants  in  this  conference  recommended 
a  behavioral  research  program  [3]  to  support  Army  aviation  training  needs. 
Aviation  systems  and  subsystems  considered  in  the  1973  conference  are  not  the 
same  as  those  examined  in  this  report.  Nevertheless,  certain  recommendations 
made  in  that  conference  jure  still  applicable  to  future  Army  aviation 
operations. 

New  behavioral  research  requirements  to  enhance  Army  aviation  training 
programs  in  the  time  frame  1985  to  2000  are  described  in  this  report.  This 
document  presents  an  updated  and  integrated  review  of  future  U.S.  Army 
aviation  training  R&D  needs.  Subsequent  to  the  completion  of  the  survey  and 


most  of  the  analysis  upon  which  this  report  is  based,  a  U.S.  Army  Aviation 
Training  Symposium  was  held  on  December  1-3,  1980,  at  Fort  Rucker,  Alabama. [4] 
The  report  from  that  symposium  is,  of  course,  also  relevant  to  many  of  the 
items  in  this  document. 


SECTION  2 
METHODOLOGY 

2.1  DATA  COLLECTION  REQUIREMENTS 

The  first  task  was  to  determine  what  information  needed  to  be  collected. 
Since  the  goals  of  the  project  involved  prediction  of  changes,  information 
about  the  present  state  of  Army  aviation  and  possible  future  states  (to  the 
year  2000)  was  necessary.  A  flow  of  questions  emerged:  What  are  the  present 
Army  aviation  systems  and  subsystems  and  what  are  the  projected  future  Army 
aviation  systems  and  subsystems?  How  do  the  hardware  and  operations  of  the 
present  and  future  differ?  What  changes  in  training  methods  are  going  to  be 
required  because  of  these  differences?  What  behavioral  research  is  required 
to  prepare  for  new  training  methods?  What  will  be  the  characteristics  and 
qualifications  of  Army  aviation  trainees? 

For  each  of  the  systems  and  subsystems,  information  was  needed  about 
hardware,  performance,  cockpit  crew  operations,  and  battle  operations. 

Finally,  to  gauge  the  possible  impact  of  new  systems  and  subsystems  on  the 
Army,  information  was  needed  about  scheduled  years  and  probability  of 
adoption,  and  extensiveness  of  use.  Specifically  excluded  from  consideration 
were  fixed  wing  aircraft  and  maintenance  requirements. 

2. 2  SURVEY  INSTRUMENT 

Once  the  categories  of  information  were  determined,  the  challenge  was  to 
develop  an  Interview  questionnaire  which  could  be  completed  in  approximately 
one  hour.  A  flow  chart,  seeking  data  on  the  old  and  new  systems  and  their 
differences,  was  very  useful  in  formulating  early  drafts  of  the  questionnaire. 
The  basic  flow  of  questions  was:  What  are  the  characteristics  of  the  present 
system  (if  one  exists)?  What  will  be  the  characteristics  of  the  future 
system?  What  are  the  differences  in  these  characteristics?  What  are  the 
training  requirements  for  the  present  system?  What  will  be  the  training 
requirements  for  the  future  system?  What  are  the  differences  in  the  training 
requirements? 

Asking  each  of  these  questions  about  all  components  of  each  system  and 
subsystem  would  have  resulted  in  an  unmanageable  questionnaire.  Therefore, 
the  decision  was  made  to  focus  attention  only  on  differences  (and  not  on  all 
characteristics  of  the  present  and  future  systems),  and  only  on  differences 
which  were  radical  enough  to  require  the  alteration  of  training  methods. 
Determining  the  degree  of  difference  was  accomplished  by  use  of  Likert-like 
response  categories: 

(a)  radically  different, 

(b)  substantially  different, 

(c)  somewhat  different, 

(d)  minimal  or  no  difference. 

Those  characteristics  rated  either  "radically  different"  or  "substantially 
different"  would  be  explored  further  by  using  open-ended  questions.  A 
determination  would  be  made  of  whether  characteristics  rated  "somewhat 
different"  would  require  alteration  of  training  methods.  If  an  alteration  was 


foreseen,  the  nature  of  the  difference  would  be  further  explored  by  using 
open-ended  questions. 

After  defining  the  content  and  approaches  to  gathering  information,  an 
outline  for  the  final  questionnaire  was  developed: 

I .  BASIC  INFORMATION 

(a)  Identification  of  Future  Systems  and  Major 

Subsystems 

(b)  Probabilities  of  Introduction 

(c)  Scheduled  Years  for  Introduction 

(d)  Extensiveness  of  Use 

(e)  Current  Systems  to  be  Replaced  or  Supplemented 

II.  DETAILED  INFORMATION  COMPARING  EACH  NEW  SYSTEM  WITH  THE  PRESENT 

SYSTEM 

(a)  Physical  Characteristics 

(b)  Performance 

(c)  Cockpit  Crew  Operations 

(d)  Combat  Operations  Tasks 

(e)  Man-Machine  Skill  Requirements 

(f)  Crew  Interaction 

( g)  Training  Methods 

The  final  draft  of  the  questionnaire  was  then  composed  and  formatted. 
Identifying  information  questions  were  added  at  the  beginning,  and  an  open- 
ended  "catch-all”  question  was  added  at  the  end.  Completed  copies  of  the 
final  questionnaire  are  included  in  Appendix  A,  and  the  questions  are 
synopsized  in  Table  3,  Section  2.3.2. 

Eleven  interview  sessions  involving  14  interviewees  were  conducted.  The 
interviews  took  place  at  Fort  Rucker,  Alabama  on  May  6  and  7,  1980  and  in  St. 
Louis,  Missouri  on  May  27  and  23,  1980.  Personnel  from  TRADOC,  AVRADCOM,  and 
DARCOM  were  interviewed.  Three  of  the  interview  sessions  involved  two 
interviewees.  One  to  five  interviewers  conducted  each  of  the  interviews, 
which  lasted  approximately  90  to  120  minutes.  A  list  of  the  interview 
sessions  and  the  systems  discussed  is  contained  in  Table  1.  In  sessions 
involving  more  than  one  interviewer,  each  interviewer  independently  recorded 
responses,  which  later  were  cross-checked  and  consolidated. 

2.3  THE  SCORING  MODEL 

2.3.1  Scoring  Model  Concept 

The  basic  idea  for  the  scoring  model  is  to  score  a  situation  on 
each  of  a  number  of  factors,  and  then  combine  the  individual  scores  into  a 
8 ingle  compos ite  score.  The  survey  produced  both  objective  data  and 
judgmental  opinions.  Objective  data  included  such  examples  as  the  projected 
date  of  introduction  of  a  new  aviation  system  and  the  expected  quantities  to 
be  procured.  These  objective  data  were  converted  into  scaled  scores  for  use 
in  the  model.  Judgmental  information  included  items  such  as  the  degree  of 
difference  in  physical  or  performance  characteristics  between  a  current 
aviation  system  and  a  future  system  that  will  replace  it.  The  judgmental  data 


TABLE  1 

AGENCIES  INVOLVED  IN  THE  INTERVIEW  SURVEY 


Interview 
Sees ion 

Organization 

Systems/Subsystems 

Discussed 

Date  of 
Interview 

1. 

TRADOC,  Ft.  Rucker 

Near-term  Scout  Helicopter 

5/06/80 

2. 

TRADOC ,  Ft.  Rucker 

Attack  Helicopter 

5/06/80 

3. 

TRADOC,  Ft.  Rucker 

LHX-Scout 

SEMA-X 

5/06/80 

4. 

PMO  for  ASH 

DARCOM,  St.  Louis 

Near-term  Scout  Helicopter 
Advanced  Scout  Helicopter 

5/28/80 

5. 

PMO  for  Black  Hawk 
DARCOM,  St.  Louis 

Black  Hawk 

5/2B/80 

6. 

AVRADCOM,  St.  Louis 

Aircraft  Rocket  Subsystems 
Aircraft  Guns  Subsystems 

Fire  Control 

5/27/80 

7. 

AVRADCOM,  St.  Louis 

ADAS, 

Landing  Subsystems 

5/27/80 

8. 

AVRADCOM,  St.  Louis 

LH-X 

SEMA-X 

5/27/80 

9. 

PMO  for  AAH, 

DARCOM,  St.  Louis 

AAH 

5/28/80 

10.  &  11. 

AVRADCOM,  St.  Louis 

ADOCS 

IDSV 

5/  27-  28/80 

were  scaled  for  use  in  the  model.  This  objective  and  judgmental  information 
was  combined  in  the  scoring  model.  The  model  output  provided  several  measures 
of  the  relative  importance  of  new  systems  and  subsystems  with  respect  to  the 
effects  which  they  will  have  on  training  and  on  the  need  for  behavioral 
research.  Throughout  th is  report  the  term  "importance"  is  used  with  this 
meaning  and  in  this  context. 

The  scoring  model  combined  the  judgments  of  several  persons,  and 
thus  obtained  a  composite  judgment.  The  model  structure  focused  the  attention 
of  each  survey  respondent  on  those  facets  of  the  problem  which  he  knew  the 
most  about.  The  factors  were  then  combined  into  an  overall  or  composite 
opinion. 

There  are  two  basic  types  of  scoring  models,  the  additive  and 
the  multiplicative.  For  either  type,  a  set  of  factors,  Xj,  X2,  etc.  is 
identified  which  includes  all  the  factors  of  interest  in  the  situation  being 
modeled.  Bach  factor  is  associated  with  a  weight  a1#  a2,  etc.,  such  that 
a<|  represents  the  relative  importance  of  X|,  a2  the  relative  importance  of  X2, 
etc.  In  the  additive  type  of  model,  the  composite  score  S  is  formed  as: 

S  •  a.X  +  aX  +  .  .  .  +  a  X  . 

11  2  2  n  n 

In  the  multiplicative  model,  the  conposite  score  S  is  formed  as: 

S  -  (X  *1)  <X,a2>  .  .  .  (X  an). 

I  2  n 


If  a  low  score  on  one  factor  can  be  offset  by  a  high  score  on  another  factor, 
the  additive  model  is  appropriate.  If  a  low  score  (especially  a  zero)  in  any 
factor  can  override  a  high  score  on  any  or  all  other  factors,  the 
multiplicative  model  is  appropriate.  Thus,  the  form  of  the  model  must  be 
appropriate  for  the  situation.  A  compound  model  including  sum-of -products  and 
product-of-sums  was  developed  for  this  analysis  as  described  in  the  following 
sections. 

2.3.2  Construction  of  the  Scoring  Model 

The  scoring  models  used  in  this  study  are  designed  to  interpret 
the  importance  of  various  features  of  future  aviation  systems  in  relation  to 
changes  required  in  air  crew  training.  The  inputs  to  the  scoring  models  are 
based  on  information  gathered  through  the  interview  survey  conducted  as  part 
of  Task  1.  The  questionnaire  discussed  in  paragraph  2.  2  was  used  to  collect 
information  on  future  Army  aviation  systems  and  subsystems  expected  to  be  in 
the  inventory  for  the  years  1985  to  2D 00.  In  the  survey,  we  examined  the 
systems  and  subsystems  listed  in  Table  2.  The  definition  of  "systems"  and 
"subsystems"  indicated  here,  and  used  throughout  the  report,  is  as  follows. 
"Systems"  are  defined  as  helicopters  designed  for  Army  aviation  missions, 
complete  with  all  components  normally  required  to  accomplish  the  specified 
missions.  "Subsystems"  are  portions  of  such  systems,  which  may  be  complete  in 
themselves,  but  which  must  be  integrated  with  other  subsystems  to  enable 
mission  accomplishment.  Many  such  "subsystems"  are  often  identified  in 


TABLE  2 

ARMY  AVIATION  SYSTEMS  AND  SUBSYSTEMS 

LHX  -  Scout  1990* 8/Advanced  Scout  Helicopter 
SEMA-X  (Special  Electronic  Missions  Aircraft) 
Black  Hawk  (UH-60) 

Advanced  Attack  Helicopter  (AH-64) 

Near-term  Scout  Helicopter 

ADAS  (Army  Digital  Avionic  System) 

Landing  Subsystems 
Aircraft  Rocket  Subsystems 
Aircraft  Guns 

Fire  Control/Mast  Mounted  Sight,  FLIR,  Laser 
ADOCS  (Advanced  Digital  Optical  Control  System) 
IDSV  (Integrated  Digital  Systems  Validation) 


sri 
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official  DoD  nomenclature  as  "Systems. "  Consistency  in  this  analysis  required 
that  complete  "systems"  be  distinguished  from  portions  thereof,  i.e. , 
"subsystems."  However,  we  did  not  believe  it  within  our  prerogative  to  alter 
official  nomenclature;  therefore,  some  items  retain  the  designation  "System" 
in  their  title. 

Objective  data  collected  included  the  expected  years  for  new 
system  and  subsystem  introduction  in  the  Army  inventory,  their  degrees  of 
anticipated  usage  in  Army  aviation,  and  the  probabilities  of  introducing  these 
new  systems.  Judgmental  data  collected  from  the  questionnaire  concerned 
degrees  of  difference  between  new  systems  and  their  corresponding  current 
systems  in  terms  of  physical  characteristics,  system  performance,  cockpit  crew 
operations,  combat  operations  tasks,  man-machine  skill  requirements,  crew 
interaction  requirements,  and  training  methods.  The  specific  questions  asked 
are  listed  in  Table  3.  These  objective  and  judgmental  inputs  were  used  as 
elements  in  the  scoring  model. 

2. 3 .  2. 1  Basic  Factors 

We  treated  data  from  Questions  2,  3,  4,  6,  7,  8,  9, 

10,  11,  and  12  as  primary  inputs  in  the  scoring  model.  The  information  from 
the  individual  questions  was  consolidated  in  various  combinations  to  obtain 
the  evaluation  factors  shown  in  Table  4.  Information  from  Questions  2,  3,  and 
4  was  combined  and  identified  as  Factor  A.  The  product  of  the  scalar  values 
from  these  three  questions  indicates  the  relative  importance  of  a  system  in 
future  Army  aviation  operations.  Questions  6  through  12  each  represent  a 
specific  system  characteristic  and  are  considered  as  individual  factors 
(Factors  B  through  H) .  The  rationale  for  each  of  these  factors  is  also 
described  in  Table  4.  Answers  in  the  questionnaire  were  converted  to 
numerical  scales  in  the  scoring  models.  In  addition,  the  components  listed  in 
the  questionnaire  for  Factors  B  through  H  were  rated  individually.  Rated 
component  scores  were  added  according  to  specified  weights  (Table  B- 2  in 
Appendix  B)  to  derive  scores  for  factors.  Table  B-1  in  Appendix  B  explains 
the  numerical  conversion  of  information  on  scheduled  years  for  introducing  new 
aviation  systems  (Question  3),  of  estimates  on  extensiveness  of  system  usage 
(Question  4),  and  of  alphabetic  ratings  for  degrees  of  differences  (Questions 
6  to  12). 

2.3.2. 2  Scoring  Model  Measures 

Further  considerations  led  to  the  devel  opment  of  ten 
measures  of  future  Army  aviation  training  needs  related  to  behavioral  research 
requirements.  These  measures  are  additive  or  multiplicative  combinations  of 
the  basic  factors.  Table  5  summarizes  the  ten  measures  and  Figure  1  is  a 
block  flow  diagram  of  the  scoring  model  development.  The  measure  for  overall 
lnportance  (A ) ( B+C ) { D+E ) ( F )  may  be  too  strongly  influenced  by  variations  in 
the  measure  for  skill  and  interaction  change  (F).  If  so,  (A) (B+C) (D+E)  should 
be  used  as  an  overall  measure  of  importance  of  the  system  in  considering 
behavioral  research  needs,  compared  to  scores  of  other  systems. 
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2.4  PERSONNEL  FACTORS 

Training  requirements  involve  not  only  the  characteristics  of  the 
systems  and  the  tasks  to  be  performed,  but  also  the  characteristics  of  the 
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TABLE  3 

QUESTIONS  ASKED  IN  INTERVIEW  SURVEY 


1. 

2. 

3. 

4. 

5. 

6. 


7. 

8. 

9. 

10. 

11. 


What  new  systems  will  be  in  the  U.S.  Army  aviation  inventory 
for  the  period  of  1985  to  2000? 

What  are  the  probabilities  that  each  of  these  new  systems  will 
be  introduced  into  the  Army  inventory? 

What  are  the  scheduled  years  for  introducing  each  of  these  new 
aviation  systems? 

How  extensive  will  be  the  use  of  each  of  these  new  systems? 

What  are  the  current  systems,  if  any,  to  be  replaced  or  supple¬ 
mented  by  each  of  these  systems? 

How  much  difference  will  there  be  between  the  new  system  and  the 
current  systems  in  terms  of  physical  characteristics  and  what  is 
the  nature  of  the  difference? 

What  performance  differences  will  there  be  between  the  new 
system  and  the  current  systems? 

In  terms  of  cockpit  crew  operations,  what  are  the  differences 
between  the  new  system  and  current  systems? 

In  terms  of  combat  operations  tasks,  what  are  the  differences 
between  the  new  system  and  current  systems? 

What  are  the  differences  in  man-machine  skill  requirements 
between  the  new  system  and  the  current  systems? 

What  are  the  differences  in  crew  interaction  requirements 
between  the  new  system  and  the  current  systems? 
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In  terms  of  training  methods,  how  much  difference  will  there  be 
between  the  new  system  and  the  current  systems? 


TABLE  4 

BASIC  FACTORS  IN  THE  SCORING  MODEL 


Factor 


A  System  Importance 
Q2  x  Q3  x  A4 


B  System  Characteristics 
Q6  potential  sum  =  7.0 

C  System  Performance 

Q7  potential  sum  *  6.0 


D  Crew  Operations 

Q8  potential  sum  *  3.5 

E  Combat  Operations 

Q9  potential  sum  *  4.5 


F  Skill  Requirements 

Q 10  potential  sum  «  4.0 

G  Crew  Interaction 

Q 1 1  potential  sum  ■  2.0 


H  Training  Requirements 
Q12  potential  sum  “  7.3 


Rationale 


If  a  system  has  zero  importance,  then  training 
should  be  zero,  therefore  Factor  A  should  be 
used  as  a  multiplier. 

If  systems  characteristics  are  the  same  as 
current  systems,  but  performance  is  different, 
or  vice  versa,  value  should  be  scored  on  basis 
of  whichever  is  different,  therefore  add  these 
two.  If  both  characteristics  and  performance 
are  same,  no  change  in  training  is  required,  so 
sum  of  B  +  C  should  be  multiplier. 


If  crew  operations  are  same  as  current  systems, 
but  combat  operations  are  different,  or  vice 
versa,  value  should  be  scored  on  basis  of  . 
whichever  is  different,  therefore  add  these  two. 
If  both  crew  operations  are  same,  no  change  in 
training  is  required,  so  sum  of  D  +  E  should  be 
multiplier. 

If  skill  requirements  are  same  as  current 
systems,  but  crew  interaction  is  different,  or 
vice  versa,  value  should  be  scored  on  basis  of 
whichever  is  different,  therefore  add  these 
two.  If  both  skill  requirements  and  crew 
interaction  are  same,  no  change  in  training  is 
required,  so  sum  of  F  +  G  should  be  multiplier. 

This  is  a  measure  of  overall  impression  of  D  +  E 
and  to  a  lesser  degree  of  (B  +  C)  x  (D  +  E)  and 
(B  +  C)  x  (D  +  E)  x  (F  +  G),  or  other  multiplier 
combinations  of  the  parenthetical  groups,  and 
therefore  should  be  compared  with  the  following 
on  a  normalized  basis,  to  check  correlation: 
Compare 

H  with  (B  +  C) 

(D  +  E)  should  correlate  very 

closely,  since  H  combines 
items  listed  in  D  +  E 

(F  +  G) 

(B  +  C)  x  (F  +  G) 

other  combination  including  (D  +  E)  should  not 
be  significant  if  (D  +  E)  in  fact  does  correlate 
well  with  H,  since  no  new  information  is  added. 
If  (D  +  E)  does  not  correlate  well  with  K,  then 
causes  for  difference  need  to  be  resolved. 


TABLE  5 

MEASURES  OF  TRAINING  NEEDS  RELATED 
TO  BEHAVIORAL  RESEARCH  REQUIREMENTS 


Measure 

Factor 

Indicator  of  Relative  Importance 

Ml 

A 

System  Importance 

M2 

B  +  C 

System  Change 

M3 

D  +  E 

Operational  Task  Change 

M4 

F  +  G 

Skill  and  Interation  Change 

MS 

A(B  +  C) 

Importance  of  System  Changes  to 
Behavioral  Research 

M6 

A(D  +  B) 

Importance  of  Operational  Task  Changes 
to  Behavioral  Research 

M7 

AF 

Importance  of  Skill  Changes  to 
Behavioral  Research 

MS 

(B 

+  C)  (D  + 

E) 

Combined  Effect  of  System  and 
Operational  Changes 

M9 

A(B 

+  C)  (D  + 

E) 

Importance  of  System  and  Operational 
Changes  to  Behavioral  Research 

M10 


A(B  +  C)  (D  +E)  (F) 


Overall  Importance 


Figure  1.  Scoring  Model  Flow  Diagram. 


personnel  to  be  trained.  The  nature  of  the  trainee  population  is  largely 
determined  by  the  number  of  trainees  required  relative  to  the  level  of  Army 
personnel  accessions.  Therefore,  some  of  the  considerations  which  might 
affect  the  char act eristics  of  the  future  trainee  population  were  examined. 

The  results  of  this  examination  are  described  in  Section  8.  Much  additional 
work  is  needed  to  fully  determine  the  probable  character istics  of  the  trainee 
population.  This  would  go  far  beyond  the  original  scope  of  this  study. 
However,  even  the  limited  amount  of  material  contained  in  Section  8  on  person¬ 
nel  availability  provides  some  insights  on  this  subject  which  are  believed  to 
be  useful. 

2.5  LITERATURE  REVIEW 

The  collection  of  data  through  survey  interviews  and  the  analysis  of 
that  data  through  the  scoring  model  indicated  future  changes  in  Army  aviation 
and  the  relative  importance  of  these  changes  to  Army  aviation  training. 
However,  to  formulate  a  behavioral  research  plan,  it  was  also  necessary  to  be 
familiar  with  the  present  knowledge  base  for  Army  aviation  training. 

A  literature  review  was  conducted  to  determine  the  present  knowledge 
base  for  Army  aviation  training.  The  first  step  was  an  on-line  literature 
search  of  three  data  bases:  Defense  Technical  Information  Center  (DTIC), 
National  Technical  Information  Service  (NTIS),  and  Educational  Resources 
Information  Center  (ERIC).  The  second  step  was  a  review  of  the  titles  and 
abstracts  of  items  identified  through  the  on-line  search.  After  this  review, 
general  categories  of  literature  were  created  and  items  were  categorized 
accordingly.  Documents  most  relevant  to  issues  in  Army  aviation  training  were 
obtained  and  reviewed.  Based  upon  this  review,  refined  categories  of  .VrSy 
aviation  training  literature  were  created  and  relevant  item*  were  placed  in 
the  appropriate  categories.  Abstracts  of  the  items  in  each  category  were 
reviewed  to  determine  the  present  knowledge  base. 

The  on-line  literature  searches  of  DTIC,  NTIS.  and  ERIC  were  designed  to 
identify  relevant  literature  as  broadly  as  possible.  Besides  such  key 
identifiers  as  "Army  Aviation  Training,”  other  identifiers  such  as  "Flight 
Instrumentation"  and  "Flight  Simulators”  were  used.  The  search  concentrated 
on  literature  published  between  1970  and  1980  because  the  material  for  this 
period  was  considered  most  relevant  to  the  forecast  of  future  research  needs. 
This  bibliography  was  placed  in  a  computerized  file,  which  is  reproduced  in 
Appendix  E. 

In  order  to  identify  areas  where  the  literature  about  various  training 
topics  is  insufficient  or  non-existent,  an  alternate  categorization  was 
created.  This  approach  utilized  the  following  structure: 

1.  PRETRAINING  VARIABLES 

1.1  Performance  Requirements 

1.1.1  Operations 

1.1..  2  Instrument  Flight 

1. 2  Performance  Measurement 

1.3  Trainee  Selection 


2.  TRAINING  TECHNIQUES  AND  TECHNOLOGY 

2. 1  Adaptive  Training  and  Computer 
Aided  Instruction 

2.2  Simulation  and  Simulators 

3.  UNDERGRADUATE  TRAINING 

4.  POST  GRADUATE  ISSUES 

5.  OTHER  TRAINING  RELATED  LITERATURE 

The  primary  use  made  of  this  literature  was  to  provide  background 
knowledge  for  the  research  and  analysis  reported  in  this  study.  The  synopsis 
of  this  literature,  and  the  references  pertaining  to  each  category  (contained 
in  Section  8) ,  should  be  helpful  to  an  understanding  of  the  current  state  of 
knowledge  in  categories  listed. 


SECTION  3 

SYSTEM  AND  SUBSYSTEM  CHARACTERISTICS 


Character istics  of  five  major  helicopter  systems  and  seven  advanced 
subsystems  were  identified  in  the  survey  in  terms  of  their  training  needs. 
Missions  of  future  helicopter  systems,  the  character istics  of  future  systems 
and  subsystems,  and  the  current  systems  and  subsystems  to  be  replaced  or 
supplemented  were  discussed  with  the  survey  respondents.  The  probability  of 
introduction,  the  number  of  units,  and  the  date  of  introduction  of  each 
system/subsystem  were  estimated.  Differences  between  a  future 
system/subsystem  and  its  current  counterpart  were  explained  for  seven  items: 
physical  characteristics,  system  performance,  crew  operations,  combat 
operation  tasks,  man-machine  skills,  crew  interaction  requirements,  and 
training  methods.  The  following  information  on  each  system  or  subsystem  is 
based  mainly  on  the  information  provided  by  the  Army  personnel  during  the 
interview  survey. 

3.1  ADVANCED  SCOUT  HELICOPTER  (ASH) 

The  Advanced  Scout  Helicopter  (ASH)  was  also  identified  by  various 
respondents  as  the  LHX-SCOUT  1990's,  and  was  evaluated  under  the  generic 
designation  "Far-Term  Scout  Helicopter,  System  No.  1".  This  system  will  be 
able  to  perform  its  mission  in  a  high  threat  environment  in  all  weather 
conditions,  including  night-adverse  weather  conditions.  The  primary  missions 
for  the  ASH  will  be  target  detection  and  designation  for  attack  helicopters 
and  field  artillery,  battlefield  reconnaissance  and  screening,  and  battlefield 
management  (C3K) .  The  ASH  will  supplement  or  replace  the  Near-term  Scout 
Helicopter. 

The  ASH  is  likely  to  be  introduced  in  the  early  to  mid  1990s.  There  is 
about  50  percent  likelihood  that  specific  concepts  described  here  will  be 
introduced.  If  the  ASH  is  introduced  operationally , .  about  1,000  aircraft  will 
be  procured. 

Superficially,  the  ASH  will  appear  similar  to  other  helicopters.  Main 
differences  will  be  in  the  avionics  suite.  Extensive  use  of  digital  systems 
will  be  evident  with  fly-by-wire  flight  controls,  integrated  threat  detection, 
and  multiple  CRT  displays.  The  crew  complement  is  not  yet  decided.  Some 
survey  respondents  favor  a  single-seat  aircraft.  Helicopter  performance  will 
be  enhanced,  particularly  in  the  areas  of  maneuverability,  survivability,  and 
crashworthiness.  Pilot  workload,  in  terms  of  basic  flying  tasks,  will  be 
greatly  reduced.  Target  detection  will  be  enhanced  by  a  new  generation  of 
sensors,  such  as  FLIR,  millimeter  wave  radar,  and  advanced  optical  sights. 
Laser  target  designation  will  also  be  available. 

The  ASH's  advanced  navigation  systems  and  displays  will  ease  the  pilot's 
basic  flying  task  in  both  nap-of -the- earth  (NOE)  and  instrument  flying.  The 
advanced  target  and  threat  detection  capabilities  and  the  battlefield 
management  capabilities  will  be  improved  over  the  Near-term  Scout.  Target 
detection  by  one  of  a  number  of  sensors  and  laser  target  designation  will  be 
new.  Air-to-air  combat  against  eneny  helicopters  will  involve  new  flying 
tactics  and  tasks. 


New  skills  required  by  ASH  crews  will  include  the  ability  to  use 
multiple  sensor  displays  with  superimposed  visual  fields  and  to  process  a  much 
greater  amount  of  information.  The  decisions  will  be  the  same  as  today;  the 
amount  of  information  will  be  much  greater.  Basic  flying  skills  will  be  less 
critical,  although  the  all-weather  capability  may  require  much  more 
"wet- instrument”  flying  experience  (i.e.,  experience  in  actual  instrument 
meteorological  conditions)  on  the  part  of  the  pilots.  Most  flight  maneuvers 
will  be  unchanged.  Additional  skills  will  be  required  for  air-to-air  combat 
maneuvers,  and  for  target  tracking  with  the  mast-mounted  sight  (MMS)  while 
remaining  shielded  behind  terrain  or  trees. 

3 . 2  SEMA-X 

SEMA-X  (Special  Electronic  Mission  Aircraft)  will  replace  or  supplement 
OV-1,  RD-21,  and  EH- 1  aircraft  in  the  1990s.  The  primary  mission  of  SEMA-X  is 
reconnaissance,  surveillance,  and  target  acquisition  and  designation.  There 
is  80  to  90  percent  likelihood  that  this  aircraft  will  be  introduced.  About 
100  to  300  aircraft  will  be  in  the  Army  inventory. 

Flight  controls,  instruments,  and  display  systems  on  SEMA-X  will  be 
similar  to  those  on  Far-term  Scout  Helicopters.  The  aircraft  will  have  either 
an  inertial  or  a  Doppler  navigation  system.  Artifical  intelligence  electronic 
algorithms  could  enhance  images  and  secure  communication  in  the  data  link. 
Millimeter  wave  radar  will  be  used  extensively  in  the  all-weather 
reconnaissance  mission.  SEMA-X  will  increase  the  variety  of  the  crew's 
workload  but  decrease  the  complexity  of  work.  The  new  aircraft  will  be  more 
complex  and  will  have  more  high  speed  capability  than  the  aircraft  it 
replaces. 

Inertial  and  multiplex  navigation  systems  will  provide  substantially 
more  precise  location  and  training  capability.  More  on-board  communication 
processing  for  real-time  intelligence  to  the  field  commanders  is  expected. 

The  aircraft  will  use  a  microwave  landing  system.  The  crew  will  have  access 
to  better  target  detection  and  laser  designation  capabilities  to  combat 
operation  tasks. 

SEMA-X  will  have  more  monitoring  displays.  The  decision-making  process 
and  the  memory  function  of  crews  will  be  aided  by  on-board  computers.  Thus, 
the  crew  skill  requirement  may  increase,  but  the  crew  workload  will  decrease. 
Time  aloft  will  be  increased  to  minimize  the  number  of  aircraft  required. 

Since  it  will  be  fatiguing  to  operate  the  SEMA-X,  both  crew  members  will  be 
pilots. 

3.3  BLACK  HAWK 

The  primary  mission  of  the  Black  Hawk  helicopter  is  troop  assault 
extraction  and  resupply  of  troops  in  combat.  Other  missions  include 
aeromedical  evacuation  and  combat  service  support  activities.  Black  Hawk 
helicopters  are  in  current  use  in  Army  aviation  operations.  Black  Hawks  are 
used  together  with  UH-1  helicopters  at  a  ratio  of  15  Black  Hawks  for  23 
UH-1's. 

Future  Black  Hawks  will  weigh  less,  and  will  be  more  reliable  with 
state-of-the-art  improvements.  They  will  have  tilt  rotors  and  will  utilize 


advanced  blade  concepts  to  make  the  helicopter  more  flexible.  The  flying 
workload  of  the  Black  Hawk  will  decrease  as  much  as  50  percent.  Improved 
small  digital  displays  will  be  used  in  target  detection.  New  sighting  devices 
and  laser  ranging  will  increase  weapon  accuracy.  Black  Hawks  will  be  equipped 
with  a  larger  number  of  digital  systems. 

Basic  flying  functions  will  be  the  same,  but  characteristics  will  be 
different  due  to  side  arm  stick  control.  Aircrew  will  use  CRT,  digital 
readouts,  and  automatic  Instrument  Flight  Rules  in  instrument  flying.  Doppler 
radar  will  simplify  navigation  operations. 

The  Army  Digital  Avionic  System  (ADAS)  will  increase  Black  Hawk 
capability  in  target  detection  and  target  attack.  SOTAS  capability  will 
facilitate  command  and  control  information  processing  and  reconnaissance 
operations.  Aircrews  will  use  FLIR  or  IR  sensors  for  target  recognition. 

3.4  ADVANCED  ATTACK  HELICOPTER  (AH64 ) 

The  Advanced  Attack  Helicopter  (AH64)  is  a  highly  mobile  aerial  weapon 
system  capable  of  providing  direct  and  indirect  aer ial  fire  in  support  of 
ground  units  in  day,  night,  and  mar-ginal  weather  operations.  In  its  primary 
mission  as  an  attack  helicopter,  the  AH64  will  attack  enemy  tanks,  other 
armored  vehicles,  troop  formations,  command  posts,  and  forward  logistic 
coo^lexes.  It  will  also  engage  in  air  cavalry  operations  attacking  targets  of 
opportunity. 

The  AH64  will  enter  service  in  the  early  to  mid-1980s  with  several 
hundred  aircraft  being  produced.  Production  and  employment  of  this  system  is 
considered  almost  certain. 

The  most  significant  physical  difference  betwen  the  AH64  and  present 
helicopters  will  be  the  displays— both  pilot  displays  and  copilot/gunner 
displays.  The  present  night  vision  goggles  will  be  replaced  by  multiple 
sensor  (FLIR,  LLTV,  etc.)  displays  which  will  be  presented  head-up  (HUD)  or  on 
a  helmet  mounted  display.  The  gunner  will  have  an  advanced  target  acquisition 
and  designation  system  to  enhance  weapon  aiming.  This  target  designation 
system  will  use  a  laser  beam  to  identify  the  target.  The  AH64  will  be  much 
more  agile,  and  will  be  engineered  for  greater  survivability  (including  two 
engines)  and  crashworthiness.  Weapon  capability  will  be  much  greater  than  in 
previous  attack  helicopters,  including  a  30  am  gun,  2.75  inch  rockets,  and  the 
Hellfire  missile. 

For  AH64  cockpit  crew  operations \  many  of  the  basic  tasks  will  be  the 
same  as  in  present-day  attack  helicopters?  however,  the  character  of  the  tasks 
will  be  changed  as  a  result  of  the  new  sensor/display/computation  systems. 

The  major  difference  will  be  the  need  for  the  crew  members  to  monitor  the 
advanced  systems  and  displays,  particularly  the  digital  systems.  Fault 
isolation  and  carrying  out  alternative  procedures  will  introduce  major  changes 
in  crew  member  tasks. 

The  major  nan-machine  skill  that  will  be  necessary  for  the  AH64  crew 
will  be  the  ability  to  use  the  novel  displays,  particularly  the  helmet-mounted 
displays  or  head-up  displays  with  multiple  images  in  the  same  visual  field. 

The  ability  to  monitor  digital  systems,  diagnose  system  faults,  and  carry  out 
alternate  procedures  will  also  be  needed  skills. 


17 


3.5  NEAR-TERM  SCOUT  HELICOPTER 


The  mission  of  the  Near-term  Scout  Helicopter  is  to  provide  air-to-air 
protection  for  attack  helicopters/  support  multiple  aircraft  operations/ 
locate  targets  for  attack  helicopter  strikes,  suppress  ground  defenses,  and 
provide  ground  commanders  with  battlefield  update  information.  The  crew 
conq>lement  for  this  helicopter  has  not  been  determined;  therefore, 
specification  of  future  training  needs  must  include  possibilities  of  either  a 
single-pilot  crew  or  a  pilot-and-observer  crew. 

The  Near-term  Scout  Helicopter  is  expected  to  be  introduced  around  1985 
with  an  80  percent  likelihood  of  introduction.  The  number  of  units  required 
is  between  300  and  1,000. 

Some  of  the  features  of  the  subsystems  include  a  cathode  ray  tube 
display  which  provides  automatic  tracking,  cueing  and  position  updating,  and 
air-to-air  missile  capability.  The  major  subsystems  include  a  laser  system 
for  target  discrimination  and  ranging,  a  missile  system  which  provides  a  fire- 
and-forget  capability,  a  Low  Light  Level  TV  system  (LLLTV)  for  night 
operation,  a  Forward  Looking  Infrared  (FLIR)  capability  for  weather  and  night 
visibility,  a  projected  map  display  and  Doppler  navigation  capability,  a  video 
recording  system  for  reconnaissance,  a  Position  Location  Report  (PLR)  system, 
and  improved  communications  and  multi-function  radius. 

The  sensors  required  for  FLIR,  LLLTV,  visual,  and  laser  systems  are 
contained  in  a  Mast  Mounted  Sight  (MMS).  Employment  of  this  device 
facilitates  helicopter  operations  from  concealed  locations  behind  trees, 
ridges,  buildings,  etc.  which  reduces  enemy  detection  and  exposure  to  ground 
fire. 


Training  programs  are  required  for  all  these  systems,  as  well  as 
training  in  the  tactics  developed  to  exploit  the  capa-bilities  of  these 
systems.  Some  considerations  in  this  regard  include  ground  defense 
suppression,  air-to-air  combat,  gunship  coordination,  relief  of  aircraft  on 
station,  night  adverse  weather  operations,  multi-aircraft  operations, 
utilization  of  the  Mast  Mounted  Sight,  and  Command  and  Control  information  for 
the  battle  commander. 

3.6  ARMY  DIGITAL  AVIONIC  SYSTEMS 

Three  generations  of  ADAS  (Army  Digital  Avionic  System)  are  planned  to 
meet  future  Army  aviation  needs.  The  first  generation  includes  IACS 
(Integrated  Avionic  Control  System),  AMD  (Advanced  Map  Display),  Doppler,  NNPS 
(Night  Navigation  Pilot  System) ,  and  ADTS/TH  (Airborne  Data  Transfer 
Systam/Target  Hand-off).  The  second  generation  involves  EMMADS  (Electronic 
Master  Monitor  Advisory  Display),  advanced  audio  systems,  integrated  multi¬ 
function  display  (e.g. ,  FLIR,  LLLTV),  solid-state  programmable  multi-format 
display,  and  wire  and  wire-like  optical  detect  system  (CO2).  The  third 
generation  will  integrate  fire  control,  flight  control,  electronic  warfare, 
and  landing  systems  to  achieve  night  and  all-weather  Nap-of-the-Earth 
capability.  ADAS  will  replace  all  current  corresponding  systems.  Time  tables 
for  introducing  ADAS  are  1986  to  1990,  1990  to  1995,  and  1995  to  2000  for  the 
first,  second,  and  third  generation,  respectively.  The  quantities  to  be 
procured  are  expected  to  be  in  the  thousands. 


ADAS  represents  new  technology  and  advanced  state-of-the-art  in  aircraft 
instruments  and  displays.  ADAS  will  have  smaller  panels  but  will  be  much 
easier  to  use.  This  subsystem  will  cut  down  the  avionic  workload  and  provide 
better  information  concerning  flight  safety  characteristics.  It  will  take 
some  programming  effort  by  the  aircrew  to  operate  ADAS. 

ADAS  displays  are  easier  to  read  and  provide  more  time  for  recognition, 
memory,  decision-making  tasks,  and  physical  response.  The  degree  of 
difference  in  crew  interaction  requirements  will  depend  on  who  has  displays 
and  the  number  of  redundant  displays. 

3.7  ADVANCED  LANDING  SYSTEM 

As  Army  helicopter  operations  are  extended  further  into  adverse  weather 
conditions,  the  need  for  an  ail-weather  landing  system  will  become  evident. 
Such  a  system  will  be  used  by  attack,  scout,  and  supply  helicopters  to  ensure 
continued  operations  at  forward  locations  even  during  adverse  weather 
conditions.  Currently,  it  is  not  clear  exactly  what  the  system  will  be  like. 
Two  alternatives  appear  likely,  however.  One  is  a  self-contained,  zero-zero 
landing  system  that  will  allow  the  helicopters  to  operate  independently  of  any 
ground-based  navigational  aids.  Such  a  system  will  depend  on  the  aircraft's 
navigation  system  for  determining  its  location  (Doppler,  inertial,  etc.).  An 
alternative  system  would  be  development  of  the  microwave  landing  system  (MLS). 
This  type  of  all-weather  landing  system  would  use  ground-based  signals  and  an 
airborne  receiver  to  provide  guidance,  again  down  to  zero-zero  conditions. 

Either  system  will  require  one  set  of  airborne  avionics  for  each 
helicopter  equipped  with  the  system  (possibly  two  sets  for  heavy  lift 
helicopters)  or  a  total  of  several  thousand  shipsets.  The  MLS-based  system 
will  also  require  many  (probably  hundreds)  of  ground-based  transmitters.  It 
is  likely  that  one  or  the  other  of  these  systems  will  be  developed.  The  MLS 
system  is  virtually  certain  since  most  of  its  technology  is  "off-the-shelf." 
The  probable  introduction  of  this  concept  will  be  in  the  late  1980s  or  early 
1990s. 

Operationally,  it  is  difficult  to  be  precise  about  the  use  of  such  a 
system,  since  it  is  not  yet  defined.  However,  it  is  likely  that  the 
helicopter  will  fly  a  curved,  descending,  de-celerating  path  to  a  hover 
slightly  above  the  point  of  intended  landing.  A  vertical  descent  will  follow 
until  ground  contact  is  made.  The  major  problem  involved  in  these  types  of 
operations  will  be  the  separation  of  all  of  the  friendly  helicopters  in  the 
area  who  are  also  using  the  same  landing  site.  Some  form  of  air  traffic 
control,  either  traditional  or  novel,  will  be  required  to  prevent  the 
possibility  of  a  mid-air  collision.  The  second  problem  involves  servicing  or 
unloading  the  helicopters  during  adverse  conditions.  Ground  operations  will 
be  equally  hampered  by  low  visibility. 

The  man-machine  skills  required  to  fly  and  land  the  helicopter  in  very 
poor  conditions  will  be  quite  traditional,  although  at  a  higher  level  than  the 
present  one.  Some  additional  training  may  be  required  to  enable  the  pilots  to 
visualize  their  positions  continuously  during  the  curved  approach 
trajector ies. 


3.8  AIRCRAFT  ROCKET  SYSTEMS 


An  advanced  aircraft  mounted  rocket  system  will  be  installed  on  Army 
attack  helicopters.  This  system  will  replace  existing  launchers,  rocket 
motors  and  certain  warheads.  The  rocket  system  will  include  a  new  multiple 
purpose  submunition,  which  has  no  present  equivalent. 

The  multiple  purpose  submunition,  lightweight  launcher,  and  new  rocket 
motor  are  virtual  certainties  with  an  estimated  introduction  in  1983.  A 
smoke-screen  warhead  and  an  illumination  warhead  are  considered  probable 
additions  to  the  inventory  with  anticipated  IOCs  of  around  1985.  Several 
thousand  units  are  planned. 

The  advanced  rockets  will  be  more  accurate  and  will  have  a  50  percent 
range  improvement  over  existing  weapons. 

Crew  tasks  will  be  easier  since  the  rockets  are  easier  to  aim  than 
present  equipment  and  the  system  will  provide  the  crew  members  with  range 
information,  thus  eliminating  some  decision-making  tasks. 


3.9  AIRCRAFT  GUNS 

New  airborne  automatic  guns  are  proposed  for  installation  on  Army 
helicopters  to  replace  existing  20  mm  guns  as  used  on  the  AH-1  Cobra. 

Production  of  these  new  guns  is  considered  highly  probable,  with  an 
ejected  introduction  in  the  late  1980s.  Between  1000  and  3000  shipsets  will 
be  procured. 

The  new  guns  will  differ  from  present  weapons  in  the  drive,  feed  system, 
and  ammunition.  The  rounds  will  have  greater  range  than  present  day  armament. 

The  major  change  in  combat  operations  involving  the  use  of  the  new  guns 
will  be  the  inclusion  of  air-to-air  combat  against  enemy  helicopters.  Air-to- 
ground  operations  will  be  similar  to  those  in  use  today,  except  for  greater 
range  and  standoff  capability. 

Crew  members  will  require  greater  air-to-air  tracking  skills  than  today. 
They  will  need  to  process  additional  information  during  these  air-to-air 
engagements . 

3.10  FIRE  CONTROL  SUBSYSTEM 

3.10.1  Mast-Mounted  Sight  (MMS) 

The  Mast-Mounted  Sight  (MMS)  is  a  weapon-aiming  device  mounted 
above  the  helicopter  rotor  disk  on  a  mast.  This  high  location  allows  the 
helicopter's  crew  to  sight  targets  and  potential  targets  while  the  bulk  of  the 
aircraft  remains  shielded  by  terrain  or  other  topographical  features.  An 
analogy  with  submarine  periscopes  is  appropriate.  The  MMS  will  supplement 
conventional  sights. 

The  MMS  will  probably  be  introduced  in  the  mid-1980s  with 
several  thousand  being  procured.  Its  introduction  is  highly  probable. 

The  MMS  will  be  located  atop  the  main  rotor  mast  above  the  rotor 
disk.  Several  sighting  modes  may  be  developed-optical,  television,  FLIR,  etc. 


The  physical  appearance  of  the  sight  itself  will  depend  on  which  type  of 
sensor  is  employed.  The  sighting  direction  will  be  controlled  by  a  crew 
member  independently  of  the  aircraft  heading.  The  target  image  will  appear  on 
appropriate  displays  in  the  cockpit. 

Significant  differences  from  current  operations  with 
conventional  sight  locations  will  include  requiring  the  pilot  to  hover  more  or 
less  out  of  view  of  the  target  while  maintaining  MMS  observation  of  the  target 
and  (particularly  in  one-man  helicopters)  slewing  the  sight  to  point  at  and 
track  the  target. 

Pilots  will  have  to  be  trained  to  hover  in  confined  spaces  while 
splitting  their  attention  to  keep  the  mast  free  from  visual  obstructions  and 
(simultaneously  in  single  crew  aircraft)  to  control  the  sight.  Depending  on 
the  display  format  chosen,  the  crew  members  may  have  to  integrate  several 
sensor  Images  superimposed  on  a  visual  field.  This  use  of  multiple  images  may 
well  lead  to  the  spatial  disorientation  problems  reported  by  pilots  flying 
head  up  displays.  If  two-man  crews  are  used,  effective  procedures  and 
training  in  gunner/pilot  communications  and  coordination  will  be  necessary  to 
allow  the  gunner  to  track  the  target  while  the  pilot  maneuvers  the  helicopter. 

3.10.2  Advanced  Night  Vision  Systems 

Advanced  night  vision  systems  have  been  described  by  a  number  of 
respondents  as  being  an  integral  part  of  several  other  systems.  These  new 
night  vision  systems  would  use  a  variety  of  sensors  and  display  techniques  to 
augment  the  crew  members'  direct  vision  during  night  and  adverse  weather 
operations.  Several  types  of  sensors  have  been  described,  including  FLIR  and 
millimeter  wave  radar.  These  systems  would  replace  or  supplement  existing 
night  vision  goggles  (NVGs). 

The  number  of  such  systems  is  likely  to  be  in  the  thousands  of 
units,  unless  the  cost  restricts  the  numbers.  While  it  is  highly  probable 
that  an  advance  over  present  NVGs  will  develop,  no  estimate  of  a  probability 
for  specific  systems  can  be  made  at  this  time,  and  a  likely  date  of 
introduction  cannot  be  estimated. 

One  of  the  major  differences  introduced  by  the  new  system(s) 
will  be  the  mounting  of  the  sensors  on  the  aircraft  coupled  with  an  aircraft 
mounted  display,  instead  of  the  helmet-mounting  of  the  night  vision  goggles. 
The  new  systems  will  certainly  have  much  better  performance  in  terms  of 
detecting  targets,  obstructions,  wires,  etc.  than  present  NVGs. 

No  major  differences  in  operations  will  be  evident  other  than 
those  that  result  from  the  increased  system  performance.  However,  this 
enhanced  capability,  coupled  with  evidence  of  substantial  emphasis  on  night¬ 
time  operations  by  the  enemy,  should  maurkedly  increase  the  proportion  of  time 
devoted  to  training  for  night  operations. 

If  a  HUD  is  used  to  display  the  images,  the  training  problems 
that  the  Air  Force  and  NASA  found  related  to  pilot  perception  of  information 
from  two  distinct  visual  images  in  the  same  field  will  result.  These  studies 
show  some  difficulty  in  perceiving  one  field  while  examining  the  other; 
however,  this  difficulty  may  by  overcome  through  training.  References  5 
through  23  provide  information  on  this  subject. 
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3.11  ADVANCED  DIGITAL  OPTICAL  CONTROL  SYSTEM  (ADOCS) 

The  Advanced  Digital  Optical  Control  System  (ADOCS)  replaces  the  current 
flight  control  system  which  depends  upon  hydraulic  lines,  connectors,  and 
electronic  and  mechanical  controls.  The  ADOCS  does  away  with  most  of  these 
components .  This  system  utilizes  a  signal  processor  which  responds  to  sensor 
information  and  pilot  input  for  control  activation.  ADOCS  will  replace  the 
current  conventional  flight  control  system. 

It  is  almost  certain  that  helicopter  control  systems  based  on  the  ADOCS 
approach  will  be  dominant  in  the  future  Army  helicopter  inventory.  The  time 
table  for  ADOCS  introduction  is  1985  for  the  Black  Hawk  helicopter. 

The  physical  characteristics  of  ADOCS  represent  a  vast  improvement  over 
dual  redundant  mechanical  systems  now  employed.  A  large  part  of  the 
improvement  is  due  to  employment  of  sensor  information.  Cathode  Ray  Tubes 
(CRT)  will  provide  sensor  information  and  display.  The  ADOCS  will  include 
control  capabilities  required  for  air-to-air  combat.  The  system  should 
facilitate  night  operations,  reduce  workloads,  and  provide  faster  target 
acquisition  and  fault  diagnosis.  An  integrated  capability  for  communication 
and  navigation  will  be  possible.  Flight  control  laws  will  be  solved  in  a  more 
precise  manner.  Redundancy  and  reliability  will  improve  flying  safety.  Many 
of  the  time-consuming  tasks  usually  done  by  the  pilot  will  be  accomplished 
automatically.  Weight  reduction  and  improved  weapon  accuracy  are  likely  by¬ 
products  of  this  technology.  The  control  system  and  automatic  features  of 
ADOCS  will  allow  the  pilot  more  time  and  freedom  to  look  for  targets. 

The  operational  tasks  of  target  detection,  attack,  weapon  firing,  air- 
to-air  combat,  multiple  aircraft  operation,  reconnaissance  and  command  and 
control  processing  will  be  much  easier  using  the  ADOCS  because  of  the 
information  processing  and  advanced  capabilities  provided. 

Training  differences  which  are  peculiar  to  the  ADOCS  involve  effective 
monitoring  of  displays,  tracking  outside  of  aircraft,  memory,  recognition,  and 
decision  making.  This  is  primarily  due  to  the  method  of  presentation  and  the 
amount  of  information  provided  to  the  pilot.  Reduction  of  the  crew  workload, 
and  increased  pilot  opportunities  for  "head-out-of-cockpit"  flying  will  permit 
better  spotting  of  targets  and  easier  detection  of  Ibreats.  Training  will  be 
easier  for  basic,  instrument,  and  nap-of -the- earth  flying,  because  the  flight 
control  system  and  associated  sensors  will  make  the  aircraft  much  easier  to 
handle,  and  control  coordination  will  not  be  as  critical. 

ADOCS  provides  some  totally  new  capabilities.  The  helicopters  can  be 
positioned  more  accurately,  overall  flying  will  be  easier,  combat  tasks  will 
be  easier  to  accomplish,  and  operational  performance  will  be  greatly  improved. 


3.12  INTEGRATED  DIGITAL  SYSTEMS  VALIDATION  (IDSV) 

Integrated  Digital  Systems  Validation  is  a  concept  that  could  become  a 
part  of  the  Army  Digital  Aircraft  System  (ADAS).  In  the  IDSV  concept,  two 
CRTs  would  replace  the  dials,  knobs,  etc.  of  current  display  systems.  This 
system  should  integrate  the  currently  separate  controls  and  cisplays. 

The  introduction  of  this  concept  into  the  Army  inventory  is  not  certain. 
If  the  concept  is  introduced,  it  would  ultimately  affect  most  Army 
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helicopters.  The  anticipated  introduction  date  is  somewhere  in  the  1987  to  * 
1990  period  if  developed  concurrently  with  the  ADAS.  Otherwise,  it  could  be 
somewhat  later. 

The  physical  characteristics  of  the  concept  allow  most  of  the  aircraft 
functions  to  be  tied  into  two  CRTs  with  a  head-up  display.  An  integrated 
flight  control  system  with  a  side  arm  controller  will  be  utilized.  Command 
and  control  information  will  be  displayed  on  the  CRT,  as  well  as  map  display. 
Integrated  systems  utilizing  a  CRT  will  address  the  visibility,  weapon 
guidance,  guns,  rocket,  and  threat  detection  requirements.  Performance 
differences  will  be  noted  in  such  areas  as  better  night  maneuverability, 
flight  stability,  control  responsiveness,  lesser  workload,  and  better  safety 
of  flight  characteristics.  System  complexity  will  be  substantially  different 
due  to  modular  make  up  and  system  self-diagnosis.  Target  detection 
capabilities  will  be  enhanced  due  to  automation  and  the  ability  of  the  pilot 
to  keep  his  head  out  of  the  cockpit.  Troop  and  cargo  capabilities  will  be 
greater  due  to  the  estimated  400  pound  reduction  in  wiring  and  structure  which 
the  IDSV  will  provide. 

Cockpit  crew  operations  will  be  substantially  different,  the  aircraft 
will  be  easier  to  fly,  instrument  flying  will  be  easier,  and  nap-of- the- earth 
flying  will  be  enhanced  by  use  of  sensor  displays  on  the  CRT.  The  navigation 
system  will  feature  computer  graphic  map  displays.  Doppler  radar  will  be  used 
for  wire  detection  as  well  as  navigation.  Radio  functions  will  be  push  button 
controlled  for  all  frequencies  and  will  be  incorporated  in  the  Integrated 
Avionics  Control  System  (IACS). 

Combat  operational  tasks  involving  target  detection,  target  attack,  and 
weapon  aiming  and  firing  will  be  radically  different  because  of  cueing 
features  of  the  system,  and  the  pilot's  ability  to  keep  his  head  out  of  the 
cockpit.  Multiple  aircraft  operations,  reconnaissance,  and  command  and 
control  information  processing  will  be  substantially  different.  They  will  be 
easier  to  accomplish,  automated  information  processing  will  be  employed,  and 
the  pilot  can  spend  more  time  looking  outside  the  aircraft.  The  inertial  or 
Doppler  navigation -system  may  facilitate  automatic  control  of  aircraft 
position  and  also  automatic  notification  of  location  to  other  aircraft. 

The  man-machine  Interface  will  be  substantially  different  in  the  areas 
of  display  monitoring,  tracking,  recognition,  memory,  decision-making  and 
physical  responses.  Employment  of  the  IDSV  concept  makes  these  tasks  easier 
and  provides  more  freedom  to  the  pilot  to  make  decisions  not  previously 
possible.  The  pilot  will  be  relieved  of  routine  decision-making,  decision¬ 
making  can  be  raised  to  higher  order  decisions,  tracking  will  be  done  by  the 
system,  workload  will  be  reduced,  and  less  physical  strength  will  be  required. 

If  a  one-man  crew  is  employed,  all  crew  interactions  would  be 
eliminated;  if  not,  crew  interactions  would  be  substantially  different  in  most 
case^.  Verbal  and  non-verbal  exchanges  would  be  reduced  by  switching  images 
from  one  display  to  another  or  by  cueing  to  the  display.  Automation  would 
reduce  requirements  for  physical  coordination  in  concurrent  activities  such  as 
weapons  aiming  and  flying. 


The  impact  of  IDSV  upon  training  methods  will  be  radically  different  in 
areas  of  target  detection,  target  attack,  weapon  firing,  air-to-air  and  air- 


to-ground  combat  maneuvers,  cargo  operations  and  attack  across  the  Forward 
Edge  of  the  Battle  Area  (FEBA).  This  stems  from  the  fact  that  the  skill 
levels  required  can  be  acquired  in  much  less  time,  and  system  automation 
reduces  the  need  to  teach  many  skills  previously  carried  out  manually. 
Substantial  differences  will  be  experienced  in  the  areas  of  basic  flying, 
instrument  flying,  nap-of-the-earth  flying,  navigation,  communications 
reconnaissance,  command  and  control,  and  rescue  operations.  This  is  due  to 
the  changed  characteristics  of  the  flight  control  system,  the  automation  of 
many  tasks,  and  the  elimination  of  some  skills  requirements,  such  as  the  lower 
level  physical  tasks  involving  flying  skill  coordination.  Higher  level  orders 
of  decision-making  will  increase.  This  will  be  a  by-product  of  better  control 
systems,  simplified  cockpits,  elimination  of  knobs  and  dials,  and  the  use  of 
automated  equipment. 


SECTION  4 
SURVEY  RESULTS 


The  survey  Instrument  described  in  Section  2.2  was  the  method  used  to 
obtain  information  about  the  characteristics  of  future  Army  aviation  systems 
and  subsystems.  The  use  of  the  survey  instrument  to  structure  the  interviews 
made  it  possible  to  identify  the  characteristics  which  were  most  likely  to 
require  changes  in  training  procedures,  which  in  turn  would  need  to  be 
supported  by  behavioral  research.  All  of  the  information  gathered  in  the 
survey  is  reported  in  Appendix  A. 

The  principal  findings  of  the  survey  are  synopsized  in  the  following 
paragraphs.  These  are  the  items  which  may  be  expected  to  have  the  greatest 
impact  upon  training  requirements  and  behavioral  research  needs* 


4.1  SURVEY  COMMENTS  APPLICABLE  TO  ALL  SYSTEMS 

The  phased  introduction  of  successively  more  advanced  systems  will  be 
preceded  by  the  introduction  of  many  elements  of  these  systems,  through 
modification  of  current  Army  aviation  systems.  Therefore,  changes  in  training 
requirements  will  be  gradual  and  may  be  introduced  in  an  incremental  manner. 

It  does  not  appear  that  a  radical  overall  impact  will  occur  at  any  point. 
However,  at  the  end  of  th is  decade,  a  look  backward  will  reveal  changes  in 
almost  every  aspect  of  training. 

The  automation  of  many  tasks  will  shift  crew  responsibilities  and 
activities  strongly  away  from  current  manual  skills  and  procedures  toward 
systems  management  and  decision  choices.  There  was  almost  universal  agreement 
in  the  responses  that  the  crew  workload  will  be  diminished  in  terms  of  manual 
operations,  but  will  be  increased  greatly  in  terms  of  additional  decisions. 

The  greater  performance  and  improved  effectiveness  of  the  new  systems  will  be 
rapidly  exploited  to  extend  operational  capabilities.  Therefore,  crew  members 
will  continue  to  be  required  to  perform  near  the  limits  of  human  capabilities. 
In  terms  of  the  behavioral  research  needs,  the  most  important  point  is  that 
these  limits  will  be  in  different  areas  than  the  limits  approached  in  present 
systems. 

The  trend  toward  cathode  ray  tube  (CRT)  displays  and  other  electronic 
displays  will  remove  current  instrument- imposed  constraints  on  data 
presentation.  For  example,  dial  displays,  previously  dictated  by  clock-type 
mechanisms,  will  be  replaced  by  alpha-numeric  information.  More  importantly, 
multiple  single  instrument  displays,  which  clutter  the  cockpit  and  demand 
constant  scanning  by  the  crew,  will  be  replaced  by  selected  information  on  the 
CRT's*  The  information  presented  at  any  time  will  be  limited  to  that  which 
the  crew  requires,  or  that  which  is  automatically  brought  up  to  alert  the  crew 
to  take  necessary  actions. 


4.2  SURVEY  COMMENTS  APPLICABLE  TO  SUBSYSTEMS 

The  mast-mounted  sight  (MMS),  by  bringing  helicopter  operations  even 
closer  to  the  terrain  and  lower  than  surrounding  objects,  will  increase  the 
hazards  of  nap-of- the- earth  (NOE)  flight.  The  reduced  vulnerability  to  enemy 


action  will  be  bougnt  with  some  increase  in  collision  hazard.  Reduced  use  o£ 
"pop-up"  maneuvers  for  target  location  will  tend  to  substitute  visual 
perception  requirements  (using  the  MMS)  fox  flying  skills  associated  with  the 
"pop-up"  maneuver. 

Millimeter  wave  radar,  LLLTV,  forward-looking  infrared  (FLIR)  target 
detection,  acoustic  sensors,  and  laser  designation  of  targets  will  enhance 
night  and  all-weather  combat  capabilities.  This,  coupled  with  the  increasing 
requirement  for  night  operations,  will  emphasize  the  need  for  concentration  on 
training  relevant  to  night  and  all-weather  combat.  Training  on  the  displays 
associated  with  these  targeting  technologies  should  be  a  very  important  part 
of  future  training  syllabi.  Because  the  inputs  to  the  displays  are 
electronic,  simulation  is  essentially  easy,  cheap,  and  highly  adaptable  to 
part-task  training. 

The  survey  responses  concerning  advanced  navigation  equipment  were 
limited  to  moving  map  displays  and  digital  information  presentations.  Concern 
was  expressed  about  the  problems  of  navigation  in  NOE  flight.  However,  the 
three  aspects  of  this  problem;  i. e.,  navigation  equipment,  navigation 
requirements,  and  crew  capabilities,  were  not  effectively  integrated  in  the 
discussions.  It  appears  that  navigation  during  NOE  operations  under  combat 
conditions  at  night  and  in  adverse  weather  will  severely  strain  the 
capabilities  of  both  equipment  and  crew.  If  this  problem  is  as  great  as 
anticipated,  both  selection  of  pilots  based  on  aptitude  for  navigation  and 
intensive  training  will  be  required.  As  deficiencies  in  navigational 
capabilities  are  revealed  by  realistic  combat  training  and  simulation,  it  is 
likely  that  new  navigational  equipment  will  be  required.  Some  respondents 
noted  that  inertial  navigation  equipment  has  been  suggested  as  one  means  for 
solution  of  navigational  problems.  However,  other  respondents  considered  them 
to  be  too  heavy  for  inclusion  in  helicopters.  Trends  towards  simpler  and 
lighter  inertial  navigation  equipment  might  alleviate  this  objection.  One 
solution  to  the  navigation  problem  is  the  Global  Positioning  System  (GPS), 
using  satellites,  but  it  was  viewed  unfavorably  by  some  respondents  because  of 
the  potential  vulnerability  of  the  satellites  to  enemy  action.  The  necessity 
of  an  alternate  navigation  method  was  considered  to  impose  additional  weight 
and  training  burdens.  Strong  emphasis  was  therefore  placed  on  the  need  for 
self-contained  navigation  equipment. 

Electro-optical,  multiplex,  digital,  fly-by-wire,  side-arm  stick  flight 
controls  as  typified  by  the  ADOCS  (Advanced  Digital  Optical  Control  System) 
and  IDSV  (Integrated  Digital  Systems  Validation)  will  materially  reduce  the 
manual  coordination  skills  required  for  helicopter  piloting.  Much  of  this 
technology  is  identified  under  the  program  title  ADAS  (Advanced  Digital 
Avionics  Systems)  which  encompasses  three  generations  of  development. 

Training  syllabi  should  reflect  this  advance  by  reducing  the  time  allocated  to 
flying  skills,  as  coopered  to  time  allocated  for  other  training  needs. 

Reducing  the  flight  control  portion  of  pilot  workload  may  permit  single  person 
cockpit  operation  in  scout  helicopters.  Single  crew  helicopters  would  be  less 
vulnerable  because  of  smaller  size  and  signature,  would  reduce  personnel 
casualties,  and  would  lower  costs.  Separate  training  for  the  second  crew 
member  would  of  course  be  eliminated. 

Communication,  command,  and  control  using  secure  digital  data  links  to 
replace  voice  communications  will  involve  completely  new  patterns  of  behavior 


in  transmission  of  information  and  responses*  This  will  be  contrary  to  almost 
all  prior  individual  experience,  since  from  very  early  childhood  each  person's 
primary  communication  mode  is  by  voice.  Therefore,  substantial  retraining 
will  be  necessary  for  accomodation  to  the  digital  data  mode. 

Computer  storage  and  processing  of  information  will  relieve  the  crew  of 
much  currently  required  activity.  The  automation  of  this  activity  will  bypass 
human  limitations,  thus  increasing  the  level  of  decision-making  by  the  crew. 

At  the  same  time,  many  actions  that  currently  require  crew  decisions  may  be 
taken  over  effectively  by  the  computer. 

The  Pilot  Night  Vision  System  (PNVS)  and  the  Target  Acquisition  and 
Designation  Systems  (TADS),  along  with  Head  Up  Displays  (HUD),  will  provide 
cues  for  flying  and  combat  activities  which  differ  substantially  from  current 
customary  visual  cues.  These  differences  will  require  specific  consideration 
in  training,  particularly  when  the  training  is  being  conducted  by  instructor 
pilots  who  are  more  accustomed  to  older  technologies.  Also,  the  images  in 
many  of  the  displays  will  be  dissimilar  to  the  normal  visual  images  of  the 
terrain,  targets,  and  threats.  Therefore,  training  to  recognize  these 
unfamiliar  images  will  be  required. 

Several  respondents  noted  that  pilot  coordination  of  the  information 
obtained  from  helmet  mounted  sights,  head-up  displays  and  CRT  presentations, 
along  with  external  imagery,  may  introduce  some  problems.  Disorientation  in 
transferring  from  one  viewing  mode  to  another  is  a  known  hazard.  Also,  image 
slewing  on  displays  which  differs  from  aircraft  motion  may  pose  problems  for 
designers  and  may  require  special  attention  in  training. 

4.3  SURVEY  COMMENTS  ON  CREW  OPERATIONS 

The  responses  to  questions  concerning  crew  interaction  requirements  were 
somewhat  limited.  However,  there  was  an  expression  of  the  need  for  two-man 
crews  to  work  very  closely  as  a  team.  One  view  is  that  these  teams  need  to 
train  together,  work  together,  and  live  together,  so  that  their  responses  to 
each  other's  actions  and  words  are  automatic  and  anticipatory.  Other  comments 
mentioned  the  need  for  very  good  rapport,  and  the  interactive  cueing 
possibilities  offered  by  the  new  display  forms. 

A  need  was  expressed  for  upgrading  the  selection  and  training  of 
observers.  This  was  extended  by  the  suggestion  that  the  occupants  of  both 
seats  in  a  two-men  helicopter  should  be  cross-trained  and  fully  qualified  for 
both  jobs. 

A  question  was  raised  concerning  the  possible  advantages  of  having 
special  crews  for  night  operations.  This  would  entail  crew  selection  based  on 
aptitude  for  night  flying,  followed  by  exclusive  concentration  on  night 
operations  during  training. 

4.4  SURVEY  COMMENTS  ON  SPECIAL  TASKS 

The  SEMA-X  (Special  Electronic  Mission  Aircraft)  is  the  only  proposed 
Army  aviation  system  which  will  introduce  significantly  different  flying 
characteristics.  Assuming  that  a  tilt-rotor  configuration  is  selected  for 
this  system,  appropriate  training  will  be  required  for  pilot  adaptation  to  the 


special  characteristics  of  such  a  configuration.  Transition  from  hover  to 
forward  flight  and  the  reverse  will  be  the  new  skills  required.  Basic  flying 
techniques  for  this  transition  should  be  learned  easily.  Training  in  the 
effective  use  of  this  capability  for  evasive  maneuvers  following  threat 
detection  will  require  more  training. 

Mention  of  special  jobs  requiring  training  included  wire  and  cable 
cutting,  and  tasks  associated  with  ground  coordinate  targeting.  Questionnaire 
No.  9  in  Appendix  A,  dealing  with  the  AH64  Attack  Helicopter,  deserves  special 
attention  because  it  describes  so  many  of  the  training-r elated  characteristics 
which  will  be  typical  of  future  systems. 


4.5  SURVEY  COMMENTS  ON  MAJOR  COMBAT  TRAINING  ISSUES 

The  absence  of  a  realistic  environment  for  conducting  war  games  was 
noted  as  a  problem.  This  lack  affects  both  the  training  itself  and  also  the 
determination  of  training  needs.  Combat  ranges  which  would  provide  a  variety 
of  typical  environments  for  testing  equipment  and  training  effectiveness  were 
cited  as  a  major  need  for  Army  aviation. 

Air-to-air  combat  looms  as  a  very  large  problem  in  the  future.  The 
presence  of  armed  enemy  helicopters  has  been  identified  as  a  unique  and 
perhaps  a  far  more  serious  threat  than  the  fighter  "aircraf  t. "  [  24]  In  spite 
of  this  statement,  there  Is  no  current  doctrine  for  the  helicopter  air-to-air 
combat  role.  No  combat  experience  exists  to  supply  a  foundation  for  such 
doctrine.  The  survey  responses  did  not  identify  any  simulation  of  helicopter 
air-to-air  combat  as  a  basis  for  development  of  doctrine  and  tactics.  Since 
equipment  such  as  air-to-air  missiles  and  other  weaponry  is  being  provided,  it 
appears  that  a  structure  of  doctrine,  tactics,  and  training  for  air-to-air 
combat  is  vitally  needed.  In  this  respect  the  words  of  General  H.  H.  Arnold 
have  particular  significance.  In  1945,  he  said,  "Any  air  force  which  does  not 
keep  its  doctrine  ahead  of  its  equipment,  and  its  vision  far  into  the  future, 
can  only  delude  the  nation  into  a  false  sense  of  security.”  It  is  clear  that 
Army  aviation  cannot  wait  for  a  war  to  provide  the  experience  upon  which  to 
develop  air-to-air  combat  capabilities.  Combat  simulation  must  be  conducted 
to  test  tactical  concepts.  The  experience  thus  gained  should  provide  the 
basis  for  development  of  doctrine.  Then  training  can  be  initiated.  This  item 
is  last  in  this  synopsis  because  so  little  could  be  said  about  it  by  the 
survey  respondents.  However,  it  is  possibly  the  most  important  of  all  the 
training  needs  of  the  future. 
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SECTION  5 

SCORING  MODEL  RESULTS 


The  scoring  model  analyses  synthesize  information  from  the  survey 
interviews  provided  by  Army  personnel  who  expressed  opinions  about  various 
parts  of  the  entire  spectrum  of  future  Army  aviation  systems  and  subsystems* 
Differences  among  the  responses  were  found  in  a  small  number  of  questionnaire 
answers*  These  differences  were  resolved  after  review  of  additional 
information  and  deliberations  among  the  research  team  members.  The  resolu- 
tions  of  these  differences  are  described  in  Section  5.1. 

The  evaluations  of  the  basic  factors  and  the  scoring  model  analysis  for 
the  cong>lete  systems  were  expected  to  have  different  implications  for  training 
needs  than  the  similar  analyses  of  the  subsystems.  Therefore,  aviation 
systems  and  subsystems  were  evaluated  separately.  The  scoring  model  analysis 
indicated  the  relative  importance  to  training  and  behavioral  research  of  pro¬ 
jected  changes  both  in  the  Army  aviation  force  as  a  whole,  and  in  individual 
helicopter  systems.  Similar  analytical  information  was  available  both  for 
individual  subsystems  and  for  the  total  of  those  subsystems. 

5.1  MODIFICATIONS  OF  QUESTIONNAIRE  ANSWERS 

Several  significant  differences  occurred  in  the  questionnaire  answers. 
Compromises  and  adjustments  to  these  answers  were  made  to  facilitate  a 
meaningful  scoring  model  analysis.  One  type  of  difference  came  from  interview 
respondents'  differing  assumptions  about  the  configuration  of  future  systems 
or  subsystems*  To  provide  a  common  base  for  evaluation,  responses  were 
adjusted  to  reflect  the  most  probable  system  configuration. 

Another  type  of  difference  apparently  came  from  dissimilar  views  on 
certain  operational  characteristics.  In  such  situations,  adjustment  was  made 
to  conform  with  the  opinion  of  the  individual  who  had  better  understanding  of 
the  subject.  For  instance,  a  pilot's  opinion  was  followed  in  the  case  of 
substantially  dissimilar  views  concerning  crew  operation  activities. 

Certain  differences  were  easily  corrected  after  reviewing  additional 
information.  For  instance,  differing  opinions  on  the  extensiveness  of  usage 
for  an  aviation  system  or  subsystem  were  adjusted  on  the  basis  of  published 
procurement  plans. 

Some  additional  items  provided  by  interview  respondents  were  excluded 
from  the  scoring,  although  the  valuable  content  of  these  it ms  was  retained 
for  other  purposes.  The  interviewee  may  have  added  any  number  of  such 
additional  items  in  answering  questions  for  a  given  system  or  subsystem.  This 
variation  in  the  number  of  additional  items  could  produce  a  very  substantial 
difference  in  scores  which  would  not  present  a  true  picture  in  the  sporing 
model  analys is . 

Descriptions  and  justifications  of  all  adjustments  of  questionnaire 
answers  are  included  in  Appendix  C,  Volume  II. 


5.2  SCORING  MODEL  MEASURES 


Results  of  the  scoring  model  analysis  are  summarized  in  Tables  6  and  7. 
Complete  systems  and  subsystems  were  analyzed  separately.  Scores  by 
individual  interviewee  and  weighted  average  scores  for  those  systems  and 
subsystems  that  had  more  than  one  respondent  are  included  in  the  tables.  The 
weighted  average  scores  were  used  for  the  evaluation.  The  columns  of  Tables  6 
and  7  are  derived  from  questions  asked  in  the  survey  questionnaire  described 
in  Table  3,  as  defined  in  Section  2.3.2.  A  high  score  means  a  high  degree  of 
difference  between  a  current  system  and  the  future  system  which  will  replace 
or  supplement  the  current  system. 

The  following  examples  are  offered  to  assist  understanding  of  the 
construction/  use,  and  content  of  these  two  tables.  The  first  line  of  Table  6 
describes  the  scoring  from  Questionnaire  No.  2  for  the  Far-term  Scout 
Helicopter  (System  No.  1).  The  entry  ”0.50"  under  "Q2"  indicates  that  the 
respondent  thought  that  the  probability  that  this  system  would  enter  the  Army 
inventory  was  50  percent.  The  entry  "0.40"  under  "Q3"  indicates  the 
respondent's  opinion  that  this  system  would  not  be  introduced  until  after 
1995.  The  entry  "0.60"  under  "Q4"  indicates  an  opinion  that  the  total  number 
of  these  systems  in  the  inventory  would  be  more  than  300  but  less  than  1000. 
The  entry  "0.12"  for  Ml  is  the  multiple  of  the  previous  three  entries/  and  is 
a  rating  of  the  system  importance  of  the  Feu:  Term  Scout  in  terms  of  these 
three  questions. 

The  entries  under  "Q6"  and  "Q7"  are  the  sums  of  the  physical  and 
performance  differences/  respectively/  between  the  Far  Term  Scout  and  the 
current  systems  which  it  will  replace  or  supplement.  (The  elements  of  these 
sums  are  the  weighted  scores  of  the  degrees  of  difference  of  the  components  of 
the  system,  as  described  in  Appendix  B,  Volume  II.)  The  high  scores  indicate 
substantial  differences  between  the  Far  Term  Scout  and  current  equivalent 
systems  in  terms  of  physical  and  performance  characteristics.  The  entry 
"6.65"  tinder  "M2"  is  the  sum  of  the  "Q6"  and  "Q7"  entries,  and  indicates  the 
respondent's  opinion  of  the  degree  of  change  incorporated  in  the  Far  Term 
Scout.  The  entry  "0.80"  under  "M5"  is  the  multiple  of  the  "Ml"  and  "M2" 
entries,  and  represents  the  combined  importance  of  the  system  and  extent  of 
change,  relative  to  training  and  behavioral  research  requirements. 

"Q8"  and  "Q9”  entries  represent  cockpit  crew  operations  and  combat 
operations  task  differences,  respectively.  The  scores  are  sums  developed  as 
described  in  Appendix  B.  The  relatively  high  scores  indicate  that  substantial 
task  changes  are  anticipated  in  the  introduction  of  this  system.  Entry  "2.96" 
under  "M3"  is  the  sum  of  the  "Q8"  and  "Q9"  entries.  Multiplication  by  "Ml" 
provides  the  "M6”  entry  of  "0.36",  which  is  a  measure  of  the  combination  of 
system  importance  and  degree  of  task  change,  in  relation  to  training  and 
behavioral  research  needs. 

"Q10”  and  "Q11"  similarly  represent  evaluations  of  man-machine  skill 
level  differences  and  crew  interaction  differences.  "M4"  is  the  sum  of  these, 
and  the  relatively  high  score  indicates  the  respondent's  opinion  that  the  Far 
Term  Scout  will  differ  substantially  from  current  systems  in  these  two 
respects.  "Q10",  multiplied  by  "Ml",  gives  the  "0.20"  entry  under  "M7",  which 
is  a  measure  of  training  and  behavioral  research  needs  in  terms  of  skill 
changes  combined  with  system  importance.  ("Q11"  is  omitted  in  this 
calculation  because  of  the  wide  differences  in  respondent  opinions). 


RESULTS  OF  SCORING  MODEL  ME 


MXO — Overall 


The  entry  in  column  "M8"  goes  back  to  "M2"  and  "M3",  which  are 
multiplied  to  give  a  measure  combining  system  changes  with  operational  task 
changes*  "M8"  times  "Ml"  produces  the  "M9"  entry  of  "2.36".  This  measure 
includes  the  effects  of  system  importance  relative  to  training  and  behavioral 
research  needs.  "M10"  includes  the  influence  of  "Q10"  as  a  multiplier,  and 
"Q12"  is  the  respondent's  view  of  the  overall  difference  in  training  methods 
between  the  new  system  and  current  systems. 

The  second  line  of  Table  6  contains  the  scores  from  Questionnaire  No.  3, 
which  was  also  for  System  No.  1,  the  Far-term  Scout  Helicopter.  The  lines 
labeled  "AVE"  represent  the  averages  of  the  questionnaires  for  each  system. 
Only  one  questionnaire  was  obtained  for  the  Black  Hawk,  so  that  the  "average" 
is  only  a  restatement  of  that  questionnaire.  The  rank  ordering  of  five 
systems  using  the  scoring  model  is  consistent  with  the  ranking  from  the 
respondents'  overall  view,  although  the  differences  in  absolute  values  are 
substantial.  Because  the  sample  size  is  small  and  the  opinions  of  the 
respondents  differ  considerably,  the  numbers  in  the  scoring  model  are  of  more 
significance  in  highlighting  areas  of  greatest  importance  in  training 
requirements  than  in  indicating  precise  differences  in  importance. 

Table  7  for  the  subsystems  may  be  read  in  the  same  manner  as  Table  6. 


5.3  ANALYSIS  OF  SCORES  FOR  SYSTEMS 


The  scoring  model  analysis  of  all  the  aircraft  showed  that  in  relation 
to  training  needs,  the  Far-term  Scout  Helicopter  has  the  highest  overall  score 
(Column  M10  in  Table  6).  The  Near-term  Scout  Helicopter  ranked  second,  the 
Advanced  Attack  Helicopter  third.  Black  Hawk  fourth,  and  SEMA-X  last  in  the 
overall  importance  score.  Scores  on  individual  factors  and  measures  provide 
additional  insights.  The  results  of  the  analysis  of  training  needs  for  the 
five  aviation  systems  are  discussed  in  the  following  paragraphs  and  are 
synopsized  in  Table  8. 


5.3.1 


Far-Term  Scout  Helicopter  (System  No.  1) 

The  Far-term  Scout  Helicopter  has  the  highest  score  on  overall 
importance  (M10).  It  also  ranks  high  in  system  change  (M2),  operational  task 
change  (M3),  skill  and  interaction  change  (M4),  and  combined  effect  of  system 
and  operational  changes  (M8).  System  change  and  operational  task  change  are 
the  principal  reasons  for  the  highest  score  in  overall  importance  (M10).  This 
helicopter  had  the  lowest  score  on  system  importance  (Ml)  due  to  the  lower 
probability  and  the  late  date  (in  the  late  1990s)  for  adding  it  to  the  Army 
inventory.  Consequently,  the  system  had  low  rankings  on  the  combined 
measures,  which  included  this  measure  along  with  system  change,  operational 
task  change,  and  skill  changes,  all  in  relation  to  behavioral  research  needs. 
The  system  scored  medium  on  M9,  importance  of  system  and  operational  changes 
to  behavioral  research.  Nevertheless,  the  scoring  model  analysis  recognized 
the  overall  importance  of  the  Far-term  Scout  Helicopter  as  related  to  training 
needs  and  behavioral  changes  despite  the  lower  probability  and  lateness  of 
entry  into  the  Army  inventory. 


5.3.2  Near-Term  Scout  Helicopter  (System  No.  5) 


importance ■ 


The  Near-term  Scout  Helicopter  ranked  second  in  overall 
It  also  registered  second  place  in  system  importance,  operational 
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SYNOPSIS  OP  SCORING  MODEL  RANKINGS  FOR  AVIATION  SYSTEMS 
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task  change/  importance  of  operational  task  change  to  behavioral  research, 
importance  of  skill  change  to  behavioral  research,  combined  effect  of  system 
and  operational  changes,  and  importance  of  system  and  operational  changes  to 
behavioral  research.  System  change  in  the  Near-term  Scout  Helicopter  was  the 
least  among  five  systems.  However,  the  high  score  on  operational  task  change 
produced  hi^i  scores  when  this  measure  was  combined  with  other  measures.  Crew 
operation  and  combat  operation  factors  were  the  main  forces  behind  the  Near- 
term  Scout  Helicopter's  second  place  in  overall  importance. 

5.3.3  Advanced  Attack  Helicopter  (System  No.  4) 

The  Advanced  Attack  Helicopter  was  third  in  overall  importance. 
It  had  the  highest  scores  in  skill  and  interaction  change,  and  the  importance 
of  skill  change  to  behavioral  research.  The  scoring  model  analysis  indicated 
this  system  ranked  second  in  importance  of  system  changes  to  behavioral 
research.  System  importance,  system  changes,  operational  task  changes,  and 
the  importance  of  operational  task  changes  to  behavioral  research  in  the 
Advanced  Attack  Helicopter  were  considered  medium  among  the  systems.  Medium 
scores  in  system  importance,  system  change,  and  operational  task  changes 
produced  a  medium  overall  score  for  the  Advanced  Attack  Helicopter.  The 
combined  effect  of  system  and  operational  change  and  its  importance  to 
behavioral  research  was  considered  low  among  systems. 

5.3.4  Black  Hawk  Helicopter  (System  No.  3) 

The  Black  Hawk  Helicopter  ranked  fourth  on  overall  importance. 
However,  Black  Hawk  had  the  highest  score  on  system  importance  because  it  is  a 
current  system  with  a  large  quantity  in  the  Army  aviation  force.  This  highest 
score  in  turn  generated  the  highest  scores  on  the  importance  of  system  changes 
to  behavioral  research,  the  importance  of  operation  task  changes  to  behavioral 
research,  and  the  importance  of  system  and  operational  changes  to  behavioral 
research.  The  highest  score  on  system  importance  alone  was  not  enough  to 
counter  low  scores  on  system  change,  operational  task  change,  and  the  combined 
effect  of  system  and  operational  changes.  The  scoring  model  analysis  also 
showed  that  Black  Hawk  had  the  least  difference  in  skill  and  interaction 
change  among  the  five  systems.  low  scores  on  system  change,  operational  task 
change,  and  skill  change  gave  Black  Hawk  a  low  score  on  overall  importance 
despite  Black  Hawk's  highest  score  on  system  importance. 

5.3.5  SEMA-X  Aircraft  (System  No.  2) 

The  SEMA-X  Aircraft  was  last  in  overall  importance.  This  system 
consistently  received  low  scores  and  ranked  fourth  or  fifth  in  all  but  one 
measure  used  in  the  analysis.  It  had  a  high  degree  of  system  changes.  Also, 
system  changes  in  terms  of  system  characteristics  and  system  performance  were 
considered  greater  than  Black  Hawk,  Advanced  Attack  Helicopter,  and  Near-Term 
Scout  Helicopter.  However,  low  scores  on  system  importance  and  operational 
task  change  kept  SEMA-X  in  last  place  on  overall  importance. 

5.4  ANALYSIS  OF  SCORES  FOR  SUBSYSTEMS 

The  seven  aviation  subsystems  were  examined  in  a  separate  scoring  model 
analysis.  The  results  are  those  presented  previously  in  Table  6,  which  is 
synopsized  in  Table  9.  These  results  are  discussed  in  the  following 
paragraphs. 
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Integrated  Digital  Systems  Validation  (IDSV) 


(Subsystem  No*  17) 


IDSV  had  the  highest  score  on  overall  importance*  This 
subsystem  also  ranked  highest  in  system  change,  operational  task  change,  and 
skill  and  interaction  change  measures.  These  measures  in  turn  enabled  IDSV  to 
rank  first  or  second  on  the  importance  of  skill  changes  to  behavioral 
research,  the  combined  effect  of  system  and  operational  changes,  and  the 
importance  of  system  and  operational  changes  to  behavioral  research.  IDSV's 
high  scores  on  system  change,  operational  task  change,  and  skill  change  gave 
it  the  highest  ranking  on  overall  importance  despite  its  low  score  in  system 
importance. 

5.4.2  Army  Digital  Avionic  System  (ADAS) 

(Subsystem  No.  11) 

ADAS  ranked  second  on  overall  importance.  System  change  and 
system  importance  of  ADAS  were  considered  medium.  Operational  task  change  and 
skill  change  were  the  main  measures  which  put  ADAS  high  in  overall  importance. 
This  subsystem  also  had  the  highest  score  on  the  importance  of  skill  change  to 
behavioral  research. 

5.4.3  Advanced  Digital  Optical  Control  System  (ADOCS) 

(Subsystem  No.  16) 

ADOCS  placed  third  in  overall  importance.  It  had  the  highest 
score  on  system  importance  because  of  its  high  probability  and  the  expected 
early  Inclusion  of  this  subsystem  in  Army  aviation  operations.  ADOCS  also 
scored  high  on  system  change.  Scores  on  operational  task  change  and  skill 
change  on  ADOCS  were  moderate  among  the  seven  subsystems.  Operational  task 
change  and  skill  change  determined  ADOCS ' s  ranking  in  overall  importance.  The 
combined  effect  of  system  change  and  operational  task  change,  and  the 
importance  of  system  change  and  operational  task  change  to  behavioral  research 
on  ADOCS  were  medium  among  subsystems. 

5.4.4  Fire  Control  Subsystem  (Subsystem  No.  15) 


The  Fire  Control  Subsystem  described  in  Section  3. 10  ranked 
fourth  in  overall  importance.  It  had  a  moderate  score  for  system  change  and 
operational  task  change.  Skill  change  was  less  compared  to  other  subsystems. 
The  combined  effect  of  system  and  operational  changes,  and  the  importance  of 
system  and  operational  task  changes  to  behavioral  research  were  also  moderate 
in  this  subsystem. 

5.4.5  Aircraft  Gun  Subsystem  (Subsystem  No.  14) 

The  Aircraft  Gun  Subsystem  ranked  fifth  in  overall  importance. 

It  scored  low  in  system  change  and  operational  task  change,  and  medium  in 
skill  change  and  system  importance.  Furthermore,  the  importance  of  system  and 
operational  task  changes  to  behavioral  research  was  low  in  the  Aircraft  Gun 
Subsystem. 

5.4.6  Aircraft  Rocket  Subsystem  (Subsystem  No.  13) 

The  Aircraft  Rocket  Subsystem  tied  the  landing  subsystem  for 
last  place  in  overall  importance.  This  subsystem  ranked  second  in  system 
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importance  because  of  the  high  probability,  the  early  introduction,  and  the 
large  quantities  involved.  However,  scores  on  system  change,  operational  task 
change,  and  skill  change  were  rather  low  so  that  a  high  score  on  system 
importance  was  not  enough  to  make  this  subsystem  significant  in  the  overall 
rating. 

5.4.7  Landing  Subsystem  (Subsystem  Ho.  12) 


This  subsystem  ranked  in  last  place  in  overall  importance.  It 
was  consistently  low  in  scores  on  all  evaluation  measures. 


SECTION  6 

SYSTEM  ELEMENTS  WHICH  WILL  REQUIRE  TRAINING 
DIFFERENT  FROM  CURRENT  PRACTICE  OR  ENTIRELY  NEW  TRAINING 

The  scoring  model  analysis  pointed  out  the  relative  overall  importance 
of  the  various  systems  and  subsystems  planned  to  meet  future  Army  aviation 
needs.  It  also  indicated  the  relative  importance  of  seven  basic  factors 
relevant  to  training  differences  between  current  and  future 
systems/ subsystems .  Each  of  the  factor  scores  is  actually  composed  of 
interview  responses  to  the  several  parts  of  each  question.  The  factor  score 
is  thus  a  summation  of  the  answers  to  each  part  of  the  question  which  is  the 

basis  for  the  factor.  These  parts  of  each  question  are  identified  as 

"elements"  in  the  discussion  which  follows.  The  "elements”  differ  from 
question  to  question,  and  include  system  components,  characteristics,  and 
operating  functions.  A  highly  structured,  hierarchical  taxonomy  was  not 

considered  desirable  in  the  questionnaire,  since  it  was  intended  to  elicit  a 

wide  range  of  responses  concerning  possible  changes  which  might  affect 
training. 

6. 1  IDENTIFICATION  OF  SYSTEM  ELEMENTS  OF  GREATEST  OVERALL  SIGNIFICANCE 

Tabulation  of  the  weighted  scores  for  each  element  of  questions  6 
through  12  for  each  questionnaire  is  included  in  Appendix  D,  Volume  II.  The 
averages  for  each  element  of  each  system/subsystem  in  these  tables  is  given 
first  as  the  simple  average  of  the  individual  weighted  scores.  Each  of  these 
averages,  nultiplied  by  the  measure  "System  Importance",  gives  the  second 
average  on  these  tables.  These  scores  represent  the  relative  importance  of 
each  element  to  behavioral  research  within  each  system/subsystem.  The 
summation  of  the  scores  for  each  element  from  all  systems,  and  from  all 
subsystems,  indicates  the  relative  importance  of  each  element  to  behavioral 
research  in  relation  to  all  systems,  or  all  subsystems. 

This  procedure  enabled  the  identification  of  those  elements  common  to 
all  systems/subsystems  which  are  likely  to  have  the  greatest  bearing  on 
changes  in  training  requirements  and  consequent  needs  for  behavioral  research. 
As  an  example  of  this  analysis,  the  first  element  of  question  6  refers  to  the 
difference  in  "flight  controls"  between  the  new  system  and  the  current  system. 
If  the  weighted  summation  of  the  answers  for  this  element  is  large  relative  to 
similar  sums  for  other  elements,  then  it  may  be  inferred  that  the  changes  in 
"flight  controls"  in  future  systems  are  both  substantial  and  pervasive. 

Using  this  approach,  we  identified  the  three  highest  scoring  elements 
for  each  Factor,  B  through  G,  (i.e.,  questions  6  through  11).  These  high- 
scoring  elements  are  shown  in  Table  10  for  systems  and  Table  11  for 
subsystems. 

These  results  of  the  scoring  model  identify  new  display  forms  and  the 
monitoring  of  displays  as  the  major  elements  of  change  which  will  require 
revision  of  current  training  procedures.  Changes  in  flight  controls,  control 
responsiveness  and  maneuverability  constitute  the  second  most  important 
elements  of  change.  Flying  workload  changes  (primarily  reductions  of  physical 
requirements)  are  the  next  most  important  element.  Changes  in  target 
detection  equipment  also  rate  very  high  in  terms  of  requirements  for  training 


TABLE  10 

MAJOR  ELEMENTS  CONTRIBUTING  TO  TRAINING  DIFFERENCES  IN 
THE  OVERALL  FUTURE  ARMY  AVIATION  SYSTEMS  (WITH  WEIGHTED  SCORES) 


Factors 


Elements 


System  Characteristics 


System  Performance 


Crew  Operation 


Combat  Operation 


Man-Machine  Requirement 


Displays  (1.20) 

Flight  Controls  (0.68) 

Weapon  Guidance  (0.50) 

Flying  Workload  (1.30) 

Target  Detection  (0.8  2) 

Control  Responsiveness  (0.57) 
Maneuverability  (0.57) 

Nap-of-th e-Earth  Flying  (0.30) 
Instrument  Flying  (0.25) 

B  as  ic  Fly ing  ( 0 . 24 ) 

Air-to-Ground  Combat  Flying  (0.73) 
Air-to-Air  Combat  Flying  (0.5  2) 
Target  Detection  (0.44) 

Monitoring  Displays  (0.69) 
Decision-Making  (0.50) 

Physical  Responses  (0.29) 


Crew  Interaction 


Non-V erbal  Exch  ange  (0.35) 


TABLE  11 

MAJOR  ELEMENTS  CONTRIBUTING  TO  TRAINING  DIFFERENCES  IN 
THE  OVERALL  FUTURE  ARMY  AVIATION  SUBSYSTEMS  (WITH  WEIGHTED  SCORES) 


Factors 


Elements 


System  Characteristics 


System  Performance 


Crew  Operation 


Combat  Operation 


Man-Machine  Requirement 


Crew  Interaction 


Displays  (1.13) 

Flight  Controls  (0.90) 

Instruments  (0.75) 

Flying  Workload  (1.11) 

Flight  Safety  (0.5  2) 

Target  Detection  (0.46) 

Nap-of-the  Earth  Flying  (1.28) 
Instrument  Flying  (0.50) 

Navigation  (0.3  2) 

A  ir-to-Ground  Combat  Flying  (0.40) 
Air-to-Air  Combat  Flying  (0.3  2) 
Weapon  Aiming  and  Firing  (0.30) 

Decision-Making  (0.88) 

Physical  Responses  (0.50) 

Monitoring  Displays  (0.35) 

Non-Verbal  Exchange  (0.43) 
Coordinated  Physical  Responses  (0.18) 
Verbal  Exchange  (0.07) 


revisions.  The  high  scores  for  decision-making  accurately  reflect  the  survey 
respondents'  comments  that  the  automation  of  many  manual  flying  activities 
will  shift  crew  duties  to  higher  decision  levels;  i.e./  toward  management  of 
the  helicopter  as  a  combat  system. 

Nap-of-the-Earth  (NOE)  flying  is  clearly  important,  and  would  rate 
higher  except  that  it  is  already  an  important  and  well-recognized  part  of  Army 
aviation  training.  Although  it  may  not  require  great  changes  in  training,  NOE 
flying  may  remain  the  most  critical  of  all  training  requirements.  Both  air- 
to-ground  and  air-to-air  combat  also  rated  high  in  terms  of  requiring  changes 
in  training.  It  is  somewhat  surprising  that  air-to-air  combat  did  not  score 
even  higher  since  it  represents  a  totally  new  operational  requirement.  It  may 
be  that  the  absence  of  doctrine  and  lack  of  experience  in  air-to-air  combat 
limited  the  responses  in  this  area. 

6.2  SYSTEM  ELEMENTS  REQUIRING  DIFFERENT  OR  NEW  TRAINING 

Elements  which  require  different  or  new  training  in  the  individual 
systems/subsystems  are  not  necessarily  the  same  elements  as  those  of  greatest 
significance  in  the  overall  view.  Therefore  this  section  shifts  from  the 
overall  view  given  in  the  previous  section  to  consideration  of  the  most 
significant  elements  for  each  system/subsystem.  These  "significant"  elements 
requiring  different  or  new  training  are  summarized  in  Tables  12  and  13.  These 
tables  may  be  used  to  identify  the  areas  in  which  changes  in  training 
requirements  are  most  important  for  each  system  or  subsystem. 


6.3  REQUIREMENTS  FOR  DIFFERENT  TRAINING  METHODS 

The  survey  respondents  were  asked  to  comment  specifically  on  their 
perception  of  the  differences  required  in  training  methods  between  a  future 
system/subsystem  and  its  corresponding  current  counterpart.  This  was  question 
number  12  in  the  survey  questionnaire.  Tabulation  of  the  scores  on  this 
question  is  given  in  Appendix  D.  Air-to-ground  combat  flight  maneuvers,  air- 
to-air  combat  flight  maneuvers,  and  target  attack  were  considered  to  be  the 
elements  requiring  the  greatest  difference  in  training  methods  overall  for  the 
five  future  Army  aviation  systems.  Elements  requiring  the  greatest  difference 
in  training  methods  overall  for  the  seven  future  subsystems  are  different  from 
the  elements  for  systems.  The  survey  results  indicate  that  nap-of-the-earth 
flying,  air-to-ground  combat  flight  maneuvers,  and  instrument  flying  are  the 
elements  requiring  the  most  difference  in  training  methods  for  the  subsystems. 
Of  course,  individual  systems  and  subsystems  could  need  different  aircrew 
training  methods  for  elements  other  them  those  most  important  to  the  group  as 
a  whole.  Training  methods  expected  to  change  the  most  for  each  aviation 
system  or  subsystem  are  shown  in  Table  14.  Comments  on  each  system  and 
subsystem,  based  on  the  survey  responses,  are  included  in  the  following 
paragraphs. 

6.3.1  Far-Term  Scout  Helicopter 

Target  detection  and  air-to-air  combat  flight  represent  new 
missions  for  scout  helicopter  operations.  Consequently,  the  Far-term  Scout 
Helicopter  would  need  radically  different  training  methods  in  air-to-air 
combat,  air-to-ground  combat,  command  and  control  information  processing, 
target  attack,  weapon  aiming  and  firing,  and  target  detection. 


System 


Factor  11 1  ant 

(with  acoraa  fro*  tha 
Scoring  Modal  Xnalyals) 


Far-term  Scout 
Helicopter 


SM«I 


■lack  Hawk 


Systam  Characteristics 

Systs*  Performance 

Coabat  Qper  at  Ion 
Systmt  Charactariatica 

System  Farformanca 

Man-Mad) ina  Requirement 
Syataa  Charactariatica 

Syataa  Farformanca 

Craw  Operation 

Combat  Operation 

Man-Machine  Requirement 


Flight  Controls  (0.14) 

Displays  (0.14) 

Instruments  (0.09) 

Fly  ins  Workload  (0.17) 

Control  Res pons Ivan  ass  (0.08) 

Maneuver  ability  (0.08) 

Xlr-to-Xir  Coabat  Flight  (0.09) 
Xir-tn-Ground  Combat  Flight  (0.09) 

Fll^it  Controls  (0.13) 

Displays  (0.13) 

Instruments  (0.08) 

Flying  Workload  (0.08) 

Fli*>t  stability  (0.08) 

Decision-Making  (0.08) 

Flight  Controls  (0.32) 

Display  (0.32) 

Weapon  Guidance  (0.20) 

Flying  Workload  (0.40) 
Maneuverability  (0.2B) 

Control  Responsiveness  (0.2B) 

Basic  Flying  (0.20) 

Instrument  Flying  (0.20) 
navigation  (0.12) 

Target  Xttack  (0.16) 

X ir-to-Ground  Combat  Maneuvers  (0.16) 
Reconnaissance  (0.16) 

Command  and  Control  Information 
Processing  (0.16) 

Monitoring  Displays  (0.30) 

Physical  Responses  (0.20) 


Crew  Interaction 


Non-verbal  Exchange  (0.24) 


Syatan 


Ilanant 

(with  scores  fron  tha 
Scoring  Modal  Analysis) 


Advanced  Attack 
Helicopter 


Syatan  Oiar actor  iatics 


Display  a  (0.35) 

Waapoo  Guidance  (0.11) 
Flight  Controls  (0.09) 


Syatan  Performance 


T argot  Detection  Capabilitiaa  (0.35) 
K  an  auvar  ability  (0.1S) 

Control  Haapona ivanaaa  (0.1S) 

Plying  Workload  (0.IS) 


Craw  Operation 
Conbat  Operation 


Wap-of-the-Barth  Plying  (0.22) 

Air-to-air  Coabat  Maneuverability  (0.22) 
Target  Dot  act  ion  (0.10) 


Han-Maebine  Kaqulraaaot 


Tracking  Oats  Ida  Aircraft  (0.22) 
Monitor ing  Olsplays  (Q.ld) 

Dae is Ion-Making  (0. 15) 


Maar-tara  Scoot 
Ballcoptar 


Systas  Charactaristics 


Displays  (0.27) 

Laser  (0.17) 

Weapon  Quidanca  (0.13) 


Syatan  Parforaanea 


Plying  workload  (0.22) 

Target  Detection  Capability  (0 .00) 


Coabat  Operation 


a ir-to-G round  Coabat  Man aur ar ability  (0.22) 
Air-to-Alr  Coabat  Hanu  ever  ability  (0.22) 
Target  Attack  (0.1S) 


Man-Machine  Nequlranent 


Monitoring  Displays  (0.22) 
Decision-Making  (0.22) 


TABLE  13 

SUBSYSTEM  ELEMENTS  REQUIRING  DIFFERENT  OR  NEW  TRAINING 


Subsystem 


Factor 


Els 


nt 


ADAS  (Army  Digital  System  Char  »c  ter  is  tics 

Avionic  Systems) 

System  Parformanca 

Craw  Operation 

Man -Mach  ins  Raquir  ament 

Craw  Interaction 

Landing  System  System  Parformanca 

Man-Machine  Raquir emant 
A/C  Rocket  System  Combat  Operation 

Man-Machine  Skill 
Combat  Operation 
Man-Machine  Skill 

Crew  Interaction 

Fire  Control  System  Characteristics 

Systan  Performance 
Crew  Operation 


Displays  (0.5S) 

Instruments  (0.36) 

Visibility  (0.18) 

Plying  Workload  (0.36) 

Flying  Safety  Characteristics  (0.18) 
Complexity  (0.11) 

Nap-of-th  e-Earth  Flying  (0.72) 
Navigation  (0.22) 

Instrument  Flying  (0.18) 

Decision-Making  (0.36) 

Physical  Responsiveness  (0.18) 
Monitoring  Displays  (0.18) 

Non-Verbal  Exchange  (0.09) 

Flying  Workload  (0.08) 

Decision-Making  (0.08) 

Target  Attack  (0.15) 

Weapon  Aiming  and  Firing  (0.11) 

Decision-Making  (0.15) 

Air-to-Air  Combat  Maneuverability  (0.22) 

Tracking  Outside  Aircraft  (0.22) 
Decision-Making  (0.09) 

Non-verbal  Exchange  (0.13) 

Visibility  (0.10) 

Weapon  Guidance  (0.10) 

Laser  (0.10) 

Target  Detection  Capabil it les  (0.24) 
Flying  Workload  (0.10) 


Crew  Operation 


Target  Detection  (0.24) 

Target  Detection  (0.12) 

Weapon  Aiming  and  Firing  (0.09) 


Subsystem 


Factor 


Factor 


A  DOCS  (Advanced  System  Characteristics 

Digital  Optical 
Control  System) 

System  Performance 


Crew  Operation 

Han-Machine  Skill 
Crew  Interaction 

IDSV  (Integrated  System  Characteristics 

Digital  8ystam 

Validation) 

Sy*i«m  Performance 


Crew  Operation 


Combat  Operation 


Han-Machine  Skill 


Crew  Interaction 


Flight  Controls  (0.65) 

Power  Controls  (0.30) 

Displays  (0.23) 

Flying  Workload  (0.41) 

Maneuverability  (0.2B) 

Flying  Stability  (0.24) 

N »p -of -th e-Earth  Flying  (0.41) 

Basic  Flying  (0.20) 

Instrument  Flying  (0.20) 

Physical  Responses  (0.20) 

Don-Verbal  Exchange  (0.10) 

Plight  Controls  (0.26) 

Displays  (0.26) 

Instruments  (0.16) 

Flying  Workload  (0.16) 

Maneuverability  (0.11) 

Control  Responsiveness  (0.11) 

Map-of-the-Earth  Flying  (0.16) 

Basic  Flying  (0.08) 

Instrument  Plying  (0.08) 

Air-to-Ground  Combat  Maneuvers  (0.3  2) 
Air -to- Air  Combat  Manuevers  (0.16) 
Target  Attack  (0.13) 

Extensive  Man-Machine  Integration  (0.19) 
Decision-Making  (0.16) 

Monitoring  Displays  (0.08) 

Tracking  Outside  Aircraft  (0.08) 

Non-Verbal  Exchange  (0.10) 


* 
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TABLE  14 

REQUIREMENTS  FOR  DIFFERENT  TRAINING  METHODS 
IN  AVIATION  ST STEMS /SUBSYSTEMS  (SURVEY  QUESTION  NO.  12) 


System/Subsystem 


Different  Training  Methods  (with  scores) 


Far- term  Scout 


A ir-to-Ground  Combat  Maneuvers  (0.14) 
Air -to- Air  Combat  Maneuvers  (0.09) 
Target  Attack  (0.07) 


SEMA-X 


Black  Hawk 


Air-to-Air  Combat  Maneuvers  (0.04) 

Basic  Flying  (0.0  2) 

Command  and  Control  Information  Processing  (0.02) 

A ir-to-Ground  Combat  Maneuvers  (0.40) 

Air-to-Air  Combat  Maneuvers  (0.20) 

Target  Attack  (0.16) 

Reconnaissance  (0.16) 

Command  and  Control  Information  Processing  (0.16) 


Advanced  Attack 


Air-to-Air  Combat  Maneuvers  (0.16) 
Nap-of-th e-Earth  Flying  (0.11) 


Near-term  Scout 


A ir-to-Ground  Combat  Maneuvers  (0.20) 
Air-to-Air  Combat  Maneuvers  (0.13) 
Weapon  Aiming  and  Firing  (0.07) 


Nap-of-th  e-Earth  Flying  (0.72) 
Navigation  (0.22) 


Landing  Subsystem 


Instrument  Flying  (0.04) 


Aircraft  Rocket  Subsystem  Weapon  Aiming  and  Firing  (0.05) 


Aircraft  Guns 


A ir-to-A ir  Comb  at  Maneuvers  (0.11) 

A ir-to-Ground  Combat  Maneuvers  (0.09) 
Target  Attack  (0.07) 


Fire  Control 


Weapon  Aiming  and  Firing  (0.03) 
Target  Detection  (0.01) 

Multiple  Aircraft  Operations  (0.01) 


ADOCS 


Nap-of-th e-Earth  Flying  (0.41) 
Instrument  Flying  (0.20) 

Basic  Flying  (0.08) 


sa 


A ir-to-Ground  Combat  Maneuvers  (0.32) 
Cargo  Operation  (0.19) 

Air-to-Air  Combat  Maneuvers  (0.16) 
Nap-of-th e-Earth  Flying  (0.16) 
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6.3.2  SEMA-X  Aircraft 

Training  methods  for  air-to-air  combat  flight  maneuvers  will  be 
radically  different,  while  substantially  different  methods  will  be  used  in 
basic  flying  and  command  and  control  information  processing.  Greater  use  of 
synthetic  displays  will  require  somewhat  different  training  methods  in 
instrument  flying  and  reconnaissance. 

6.3.3  Black  Hawk  Helicopter 


Substantial  differences  will  be  required  in  training  methods  in 
Black  Hawk  helicopters  for  target  detection,  target  attack,  weapon  aiming  and 
firing,  air-to-air  combat  flight  maneuvers,  air-to-ground  combat  flight 
maneuvers,  reconnaissance,  and  command  and  control  information  processing. 

6.3.4  Advanced  Attack  Helicopters 

The  main  change  in  training  methods  in  future  Advanced  Attack 
Helicopters  will  be  in  air-to-air  combat  maneuvers  and  nap-of-the  earth 
flying.  No  doctrine  currently  exists  for  air-to-air  combat. 

6.3.5  Near-Term  Scout  Helicopters 


Air-to-air  and  air-to-ground  combat  maneuvers  will  require 
radically  different  training  methods  in  the  Near-term  Scout  Helicopters. 

These  scout  helicopters  also  need  substantially  different  training  methods  in 
target  detection,  target  attack,  weapon  aiming  and  firing  and  reconnaissance, 
battle  coordination,  observer  training,  pilot  workload,  new  avionics,  and 
usage  of  simulators. 


6.3.6  ADAS  (A 


Digital  Avionic  Systems) 


Training  methods  in  nap-of-the- earth  flying  and  navigation  will 
be  radically  different  if  the  ADAS  system  is  introduced. 

6.3.7  Landing  Subsystem 

The  proposed  new  landing  subsystem  will  require  somewhat 
different  training  methods  for  instrument  flying. 


6.3.8  Aircraft  Rocket  Subsystem 

The  postulated  aircraft  rocket  subsystem  will  require  somewhat 
different  training  methods  in  weapon  aiming  and  firing  activities. 

6.3.9  Aircraft  Guns 

Aircraft  gun  subsystem  capabilities  will  require  substantially 
different  training  methods  for  air-to-air  combat,  target  detection,  target 
attack,  and  weapon  aiming  and  firing. 

6.3.10  Fire  Control  Subsystems 


New  fire  control  subsystems  will  require  substantially  different 
training  methods  in  weapon  aiming  and  firing. 

6.3.11  APOCS^  (Advanced  Digital  Optical  Control  System) 


.  The  ADOCS  will  need  substantially  different  methods  for 
instrument  flying  and  NOE  flying  training. 


6.3.12  IDSV  (Integrated  Digital  Systems  Validation) 


The  IDSV  will  bring  about  substantial  changes  in  training 
methods  for  nap-of- the- earth  flying,  basic  flying,  instrument  flying, 
navigation,  communication,  multiple  aircraft  operations,  reconnaissance,  and 
command  and  control  information  processing. 
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SECTION  7 

EXPECTED  CHANGES  IN  TRAINING  REQUIREMENTS 

Changes  in  training  requirements  which  may  be  expected  as  a  consequence 
o£  the  incorporation  of  new  technologies  in  Army  aviation  systems  flow 
logically  from  the  scoring  model  analysis  described  in  the  previous  sections. 
This  section  builds  on  the  previous analysis  by  defining  the  additions  to  and 
deletions  of  current  training  practices  which  are  likely  to  be  needed  in  the 
future. 

An  important  aspect  of  establishing  training  requirements  is  the 
capability  of  the  trainee  population  to  respond  to  the  training  which  might  be 
offered.  This  concern  was  expressed  frequently  in  the  interviews.  Therefore/ 
the  next  section  discusses  the  probable  Army  aviation  trainee  population  under 
various  circumstances. 

The  major  areas  of  change  in  training  requirements  will  be:  (a) 
adaptation  to  new  display  technologies;  (b)  adaptation  to  new  flight  controls 
and  control  characteristics;  (c)  much  greater  emphasis  on  target  detection, 
acquisition,  aiming,  and  firing;  (d)  training  for  air-to-ground  combat  in  higfc 
threat  scenarios;  (e)  training  for  air-to-air  combat  against  enemy 
helicopters;  (f)  adverse-weather  training;  (g)  night  Nap-of-th e-Earth 
operations;  (h)  training  for  rapid  deployment;  and  (i)  increased  use  of 
objective  performance  measurement  in  training  evaluation.  Each  of  these 
changes  is  discussed  in  detail  in  the  paragraphs  which  follow. 

7.1  ADAPTATION  TO  NEW  DISPLAY  TECHNOLOGIES 

A  principal  feature  of  many  of  the  new  display  technologies  is  that  at 
any  given  time  they  will  present  only  that  information  which  is  relevant  to 
the  decisions  required  at  that  time.  Therefore,  training  in  scanning  a  large 
array  of  instruments  for  a  few  signals  of  importance  will  be  replaced  by 
training  for  quick  response  to  situation  signals  as  they  appear.  Initially, 
cues  will  tend  to  be  primitive  replications  of  the  cues  provided  by  current 
instruments.  Later,  these  will  be  replaced  by  elaborate  graphic  indicators 
that  approximate  the  redundancy  of  "real  world"  images.  Finally,  the  cues 
will  be  designed  to  give  the  optimum  amount  of  information  to  elicit  the 
swiftest  correct  responses. 

Since  the  first  generation  displays  will  give  cues  similar  to  those 
presented  by  current  instruments,  the  training  changes  will  be  oriented  to  cue 
recognition  by  character  rather  them  by  instrument  locations.  For  example, 
although  altitude  information  might  always  appear  in  the  same  location  on  the 
display,  it  might  be  displayed  only  when  changing,  or  when  called  for  by  the 
crew.  The  crew  would  recognize  that  information  about  altitude  was  being 
presented  because  of  the  characters  appearing,  rather  than  by  looking  at  a 
specific  place,  such  as  the  altimeter  location,  for  such  information.  As  the 
cues  become  more  graphical,  training  will  adjust  to  crew  responses  which 
reject  excess  information.  For  example,  map  presentations  often,  for  the  sake 
of  completeness,  present  detail  which  is  unneeded  for  the  task  at  hand. 
Ultimately,  when  the  cues  are  adjusted  to  meet  piloting  needs,  pilot 
adaptation  to  the  available  cues  will  be  minimized.  In  short,  this  aspect  of 
training  will  become  almost  automatic. 
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The  new  display  forms  will  also  include  information  on  the  status  of 
systems  and  subsystems.  This  information,  coupled  with  "graded"  programming 
of  controls,  will  eliminate  check list- type  training.  The  control  systems  will 
prevent  the  crew  from  ignoring  essential  sequences  of  action.  Zn  addition, 
the  displays  and  cues  will  lead  the  operator  through  the  correct  sequence  of 
actions.  For  example,  the  display  or  cue  will  not  frustrate  the  operator  by 
informing  him  that  "you  have  taken  the  wrong  action."  Instead,  the  display 
will  tell  the  operator  what  corrective  action  is  required. 

New  types  of  training  will  be  needed  to  correct  problems  caused  by  the 
multiple  images  provided  by  the  new  displays.  Integrating  the  visual 
perception  of  references  outside  of  the  cockpit  with  cockpit  displays  such  as 
HUD  introduces  vertigo  and  disorientation.  Images  from  different  sensors, 
such  as  those  from  optical  devices  and  FLIR,  and  from  monocular  NVS  and  the 
unaided  eye,  will  require  special  training  in  how  to  observe  and  perceive  two 
or  more  such  images  simultaneously.  Visual  presentations  with  different 
reference  axes,  such  as  the  simple  case  of  parallax  between  the  mast-mounted 
sight  and  the  cockpit  view,  and  the  more  complicated  case  of  weapon-aiming 
devices  with  six-degree-of-freedom  axes  separation  from  aircraft  motion,  will 
require  new  procedures  both  in  simulation  and  in  flight  training. 

7.2  ADAPTATION  TO  NEW  FLIGHT  CONTROL  CHARACTERISTICS 

Better  control  response  and  increased  maneuverability  will  make  basic 
flying  easier  and  therefore  should  reduce  the  amount  of  time  allotted  in  the 
syllabus  for  such  training.  However,  using  this  increased  performance  to 
improve  combat  capabilities  will  require  more  training  specifically  oriented 
to  combat  operations.  Because  of  the  expense,  risk,  and  limitations  of  combat 
flight  training,  much  of  this  training  must  be  accomplished  in  simulators. 
Simulators  have  proven  to  be  very  effective,  and  in  some  respects  are  even 
better  than  actual  flight  for  teaching  combat  activities.  However,  much  more 
work  is  required  to  develop  the  full  potential  of  simulators  for  both  air-to- 
ground  and  air-to-air  combat.  In  addition,  since  full-task  simulators  are 
themselves  quite  expensive,  as  much  of  the  training  as  possible  must  be 
shifted  to  part-task  trainers.  The  part-task  learning  should  provide  pre¬ 
training  that  will  optimize  use  of  the  time  spent  in  the  full-task  trainer. 

For  example,  the  student  should  enter  the  full-task  simulator  fully  qualified 
to  "solo,"  without  further  instruction.  After  sessions  in  the  full-task 
simulator  have  identified  specific  needs  for  additional  practice,  part-task 
training  should  be  available  for  such  purposes. 
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7.3  TARGET  DETECTION,  ACQUISITION,  AIMING,  AND  FIRING  TRAINING 

CONSIDERATIONS 

A  great  deal  of  effort  will  be  required  to  develop  the  training  systems 
and  procedures  necessary  for  crews  to  obtain  proficiency  in  the  various  phases 
of  target  attack  through  simulation.  Because  the  training  display  hardware 
can  be  identical  with  the  operational  display  devices,  no  additional  effort  is 
required  for  hardware  development.  Development  of  the  training  system 
concepts  and  procedures  will  be  essential  in  determining  the  type  of  software 
required  for  inputs.  For  example,  the  input  to  the  displays  could  be  either 
computer-generated  information  or  reproductions  of  actual  sensor  inputs 
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obtained  under  field  conditions*  Procedures . for  control  and  evaluation  in  the 
training  process  would  be  similar  to  those  for  other  simulator  devices* 


An  important  part  of  this  training  for  target  attack  will  be  the 
development  of  crew  confidence  that  the  training  will  indeed  enable  them  to 
find,  lock-on  to,  fire  at,  hit,  and  destroy  targets  under  combat  conditions* 
Because  the  expense  of  flight  operations,  maintenance  of  combat  ranges,  and 
cost  of  practice  runs  is  too  high  to  provide  extensive  opportunities  for  real- 
life  practice,  the  simulation  must  be  very  effective.  Also,  the  critical  need 
for  maximum  effectiveness  at  the  very  beginning  of  combat,  i.e.,  first-day 
operations,  means  that  there  will  be  no  time  for  battlefield  learning.  One 
essential  need  in  developing  crew  confidence  is  the  paradoxical  requirement 
that  random  failures  of  system  components  be  included  in  the  simulator 
routine.  The  requirement  for  such  simulated  failures  is  independent  of  and  in 
addition  to  the  inclusion  of  systems  failures  which  are  intended  to  elicit 
corrective  action  by  the  crew.  That  is,  the  crew  should  be  trained  to  expect 
some  "dud"  rounds,  missile  failure  to  lock-on,  etc.,  to  a  degree  commensurate 
with  their  perception  of  field  reliability.  This  concept  of  simulated 
imperfection  to  build  confidence,  while  not  entirely  new  to  training,  will  be 
of  increasing  significance  in  simulator  training  in  the  use  of  the  new  target 
detection,  acquisition,  and  aiming  devices,  and  for  the  associated  weaponry. 

7.4  TRAINING  FOR  AIR-TO-GROUND  COMBAT 

Much  of  the  target  attack  training  discussed  above  can  be  accomplished 
in  part-task  simulators,  and  certainly  fundamental  operations  can  be  learned 
and  practiced  on  such  devices.  However,  becoming  truly  qualified  for  combat 
requires  training  in  all  aspects  of  air-to-ground  warfare  in  high  threat 
scenarios.  The  limited  opportunities  for  and  high  cost  of  war  games  prac¬ 
tically  dictates  that  they  can  be  used  only  to  validate  overall  training 
effectiveness  and  to  disclose  weaknesses  in  battle  force  concepts  and 
capabilities.  Therefore,  individual  crews  must  be  fully  trained  before  they 
participate  in  war  games.  Combat  ranges  provide  the  ideal  training  situation 
for  air-to-ground  combat.  However,  the  cost  of  acquiring  and  operating  such 
ranges  limits  the  opportunities  for  training  in  the  full-scale  realistic 
combat  environment  they  provide.  Therefore,  full-task  simulators  will  be 
required  to  train  crews  in  air-to-ground  combat  operations.  This  full-task 
training  must  include  realistic  threat  simulation.  The  training  for  air-to- 
ground  combat  should  provide  the  simultaneity  of  actions  required  in  actual 
combat.  That  is,  the  search  for  and  attack  on  targets  should  be  accomplished 
under  conditions  of  potential  or  active  enemy  response,  and  with  simulation  of 
natural  hazards  such  as  towers,  cables,  trees,  and  poor  visibility. 

7.5  TRAINING  FOR  AIR-TO-AIR  COMBAT 

Training  for  air-to-air  combat  will  necessarily  start  at  a  less  complete 
level.  In  the  beginning  it  will  be  difficult  to  separate  training  from  the 
development  of  doctrine,  since  the  tactics  needed  for  survival  and  victory  in 
air-to-air  combat  are  not  yet  defined.  Development  of  doctrine  will  be  paced 
by  th«  availability  of  helicopter  air  combat  simulators  for  experiments  to 
determine  the  maneuvers  and  tactics  most  likely  to  be  successful.  Some  actual 
flight  exercises  in  air-to-air  combat  will  be  required  to  validate  the  results 
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of  the  simulator  experiments.  Once  the  appropriate  doctrine,  tactics,  and 
maneuvers  are  known,  the  training  for  air-to-air  combat  can  be  designed.  It 
is  most  important  that  training  for  air-to-air  combat  begin  after  the 
experimentation  and  validation  described  above  has  been  completed.  Otherwise, 
poor  doctrine  and  bad  habits  will  become  ingrained  in  the  system  and  will  be 
difficult  to  eradicate.  Early  disasters  in  aerial  combat  between  conventional 
aircraft  in  World  War  II  indicate  the  hazards  of  venturing  into  battle  with 
unproven  doctrine  and  tactics.  Until  the  advent  of  simulators,  such 
experiences  were  mostly  unavoidable.  Today,  such  failures  are  inexcusable. 
Air-to-air  combat  must  be  planned  for,  and  adequate  training  is  mandatory. 

7.6  TRAINING  FOR  ADVERSE  WEATHER  OPERATIONS 

Although  weather-related  problems  were  not  emphasized  during  the  survey 
discussions,  it  appears  that  training  for  adverse  weather  operations  will  play 
an  increasing  role  in  the  curriculum.  This  seems  almost  implicit  in  the 
discussion  of  night  operations.  The  problem  seems  to  be  one  of  avoiding 
"traditional  instrument  training"  which  emphasizes  air  traffic  control 
procedures.  Instead,  training  for  all-weather  operations  should  shift 
enq>hasis  to  the  following  areas:  (a)  navigation  over  hostile  territory,  (b) 
operation  in  icing  conditions,  (c)  landing  at  forward  operating  locations  in 
limited  visibility,  and  (d)  assuring  separation  from  other  aircraft.  Training 
issues  will  include:  (a)  combining  adverse  weather  with  the  advanced  displays 
such  as  FL1R  and  HUD,  (b)  determining  the  extent  and  feasibility  of  exposure 
to  actual  conditions  versus  simulator  training,  (c)  developing  the  flying 
procedures  required  for  the  operations  listed  above,  and  (d)  determining  how 
to  provide  training  in  those  procedures.  In  the  absence  or  limited  availa¬ 
bility  of  combat  ranges,  it  will  also  be  necessary  to  find  ways  to  integrate 
actual  flying  training  in  real  or  simulated  adverse  weather  with  the  available 
domestic  airspace.  For  instance,  flying  operations  in  the  southern  U.S.  are 
unlikely  to  duplicate  the  weather  conditions  in  northern  Europe.  Even  the 
deserts  in  the  western  U.S.  provide  scanty  simulation  of  the  Sahara  and  the 
Mid-East  desert  conditions. 

7.7  TRAINING  FOR  NIGHT  NOE  OPERATIONS 

Night-time  Nap-of-the-Earth  operations  will  obviously  require  special 
training.  It  is  not  clear  if  current  simulators  offer  effective  training  for 
low-1 ight-level  NOE  flight.  It  seems  likely  that  electronic  simulation  of 
views  through  the  cockpit  windows  would  be  a  better  choice  for  future 
development  of  night  training  devices.  Since  night  flying  cues  will  be  pro¬ 
vided  by  the  Pilot  Night  Vision  System  (PNVS)  as  images  on  an  electronic 
screen,  the  playback  of  recorded  real-life  images  on  a  replica  of  the  PNVS 
should  provide  realistic  training.  However,  transition  from  PNVS  to  outside 
viewing,  and  simultaneous  observation  of  both  electronic  and  outside  images, 
are  problems  that  will  require  attention  as  training  devices  and  programs  are 
developed.  Because  of  tho  hazards  involved  in  actual  night  NOE  flight,  pilots 
will  need  to  be  fully  night-qualified  in  simulators  before  they  attempt 
helicopter  flight  under  simulated  night  conditions,  i. e.,  with  hoods  for  the 
trainee  while  the  instructor  pilot  retains  visual  daylight  observation.  In 
spite  of  the  apparent  emphasis  given  to  night  NOE  operations,  it  appears  that 


much  remains  to  be  accomplished  in  training  in  this  area.  In  particular,  the 
development  and  use  of  electronic  aids  for  night  vision  must  be  integrated 
with  natural  cues  and  other  pilot-aiding  systems. 


7.8  TRAINING  FOR  RAPID  DEPLOYMENT 

Rapid  deployment  is  a  matter  of  increasing  importance  with  major 
implications  for  Army  aviation  training.  Long-range  navigation,  in-flight 
refueling,  and  heavy-lift  helicopter  operations  will  need  greater  emphasis  in 
training  to  support  rapid  deployment.  The  "backwards"  cockpit  and  controls 
used  for  hover  and  hook-up  loading  operations  in  heavy-lift  helicopters  will 
require  special  training  and  perhaps  selectivity  in  crew  assignments.  Initial 
training  and  practice  for  all  three  of  the  above  tasks  can  be  accomplished  on 
part-task  simulators.  Other  tasks  associated  with  rapid  deployment  which  will 
require  changes  in  training  may  be  disclosed  as  a  result  of  further 
development  and  practice  in  this  area. 

7.9  INCREASED  USE  OF  OBJECTIVE  PERFORMANCE  MEASUREMENT 

The  last  major  area  of  change  in  training  identified  in  this  study  is 
the  increased  use  of  objective  performance  measurement.  This  change  is 
associated  with  the  continued  development  of  part-task  and  full-task 
simulators,  and  the  availability  and  sophistication  of  in-flight  recording 
devices.  If  there  is  a  "best  way"  to  perform  a  given  task,  it  can  be  recorded 
as  the  standard.  Student  deviation  from  the  standard  is  measurable. 

Correction  can  concentrate  on  specific  faults,  and  practice  can  reinforce 
correct  actions.  The  impact  on  training  is  a  shift  of  emphasis  away  from 
instructor  monitoring  and  evaluation  toward  development  of  recorded  standards. 
Greater  efficiency  in  training  will  be  achieved  since  much  better  records  of 
training  performance  will  be  automatically  available,  without  the  tedious  and 
often  omitted  manual  recording  of  student  progress  through  training. 
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SECTION  8 

PERSONNEL  AVAILABILITY 


Training  methods  should  be  constructed  on  the  basis  of  the 
characteristics  of  hardware,  the  tasks  for  which  that  hardware  is  used,  and 
the  social-cultural  characteristics  of  the  population  trained.  Pressures  to 
change  trainee  entry  requirements,  such  as  levels  of  education  achieved  and 
physical  fitness,  could  emanate  from  a  change  in  the  number  of  trainees  and/or 
a  change  in  the  size  of  the  population  pool  from  which  trainees  are  drawn. 
Pressure  for  increased  utilization  of  women  also  could  result  from  a  change  in 
the  ratio  of  trainees  to  population  pool. 

The  Army  has  approximately  1,650  helicopter  pilot  trainees  each  year. 
Two-hundr ed  and  fifty  of  these  trainees  are  non-prior  service;  the  remainder 
come  from  prior  service  personnel.  To  maintain  this  number  of  trainees  while 
at  the  same  time  maintaining  present  numbers  in  other  programs,  the  Army  has 
to  recruit  250  persons  who  enter  helicopter  pilot  training  shortly  after 
induction  and  approximately  1400  persons  to  replace  personnel  drawn  from  other 
Army  programs  for  entry  into  this  training. 

To  determine  the  ease  or  difficulty  with  which  1,650  qualified  persons 
can  be  supplied  for  Army  helicopter  pilot  training,  some  comparative  base  must 
be  used.  The  base  chosen  was  annual  Army  accessions  of  Category  I  and  II, 
non-prior  service  males.  These  categories  are  determined  currently  by  scores 
on  the  general  aptitude  portions  of  the  Armed  Services  Vocational  Aptitude 
Battery  (ASVAB)  test.  The  exact  breakdown,  in  percentiles,  is:  Category 
1—93  to  100;  11—65  to  92;  IIIA—  50  to  64;  IIIB— 31  to  49.  Besides  the 
availability  of  data,  [25]  several  reasons  justify  using  this  base. 

Helicopter  pilot  trainees  are  predominantly  male.  Mental  requirements  for 
entry  into  and  successful  completion  of  the  training  program  are  high. 

For  1977,  the  Army  had  an  accession  of  21,  24  2  non-prior  service  Category 
I  and  II  males. [26]  Of  this  pool.  Army  helicopter  pilot  training  utilized 
4.71  percent  (i.e.,  1,000/21,24  2).  Of  this  total,  1.18  percent  (i.e. , 

250/  21,242)  were  selected  for  helicopter  pilot  training  shortly  after 
induction  and  3.53  percent  (i.e.,  750/21,242)  were  required  to  replace 
personnel  drawn  away  from  other  Army  elements  for  helicopter  pilot  training. 
The  percentage  of  the  pool  utilized  can  suggest  the  ease  or  difficulty  in 
recruiting  trainees  and  the  pressures  for  changing  entrance  requirements 
and/or  recruiting  trainees  from  other  pools. 

The  percentage  of  non-prior  service  Category  I  and  II  male  accessions 
utilized  for  helicopter  pilot  training  as  an  indicator  of  ease/difficulty  in 
recruiting  trainees  is  less  than  precise  for  a  variety  of  reasons.  Trainees 
include  women.  Excluding  women  from  the  pool  inflates  the  percentage  and  may 
suggest  that  recruiting  is  more  difficult  than  it  is.  The  assumption  was  made 
that  prior  service  personnel  who  enter  training  must  be  replaced  with  Category 
I  and  II  personnel.  If  the  prior  service  personnel  are  replaced  with  less 
than  Category  II  personnel,  this  exercise  may  suggest  that  recruiting 
replacements  for  trainees  may  be  more  difficult  than  is  actually  the  case. 
Finally,  some  persons  who  may  not  pass  physical  requirements  for  Army  aviation 
are  included  in  the  pool.  Not  excluding  these  persons  from  the  pool  deflates 
the  percentage  and  may  suggest  that  recruiting  trainees  is  easier  them  is  the 
case. 


The  ease/difficulty  of  recruiting  adequate  numbers  of  qualified 
personnel  to  meet  the  demands  of  Army  helicopter  pilot  training  was 
illustrated  in  two  scenarios:  voluntary  recruitment/  and  a  mobilization  with 
a  draft*  In  the  voluntary  recruitment  scenario,  the  level  of  1,650  yearly 
trainees  and  an  increased  level  of  2,000  yearly  trainees  were  studied.  In  the 
mobilization  with  a  draft  scenario,  a  level  of  mobilization  for  World  War  II 
was  studied.  The  levels  of  mobilization  for  the  Korean  and  Vietnam  conflicts 
appeared  to  require  approximately  2,000  yearly  trainees--the  same  number  as 
the  increased  level  under  the  voluntary  recruitment  scenar io. [  27] 

Consequently,  these  levels  of  mobilization  were  not  studied  separately. 

8.1  VOLUNTARY  RECRUITMENT  SCENARIO 

Predictions  of  non-prior  service  Category  I  and  II  male  voluntary 
accessions  were  made  by  Fernandez  for  the  period  1980  to  1990.(28]  The 
Fernandez  report  was  selected  for  this  analysis,  in  spite  of  the  shortcomings 
noted  later,  in  Section  8.3,  because  it  was  cited  several  times  in  the 
interview  survey  as  one  of  the  primary  models  actually  being  used  for 
projections  of  Army  enlistments.  Although  other  models  may  also  be  in  use, 
they  were  not  cited  in  the  interviews.  Our  limited  search  for  other  models 
did  not  discover  other  quantitative  models,  and  development  of  a  better  model 
would  have  been  beyond  the  scope  of  this  study. 

Fernandez  based  his  predictions  on  actual  voluntary  Army  enlistments 
between  FY  1971  and  FY  1979,  the  adjusted  17  to  21  year  old  male  population  in 
the  United  States,  the  ratio  of  military  pay  to  civilian  pay,  the  youth 
unemployment  rate,  the  number  of  Army  production  recruiters  and  an  unnamed 
factor  which  first  appeared  in  FY  1978  and  has  decreased  mil it ary  accessions. 
Fernandez  predicted  Army  accessions  for  scenarios  of  low,  moderate,  and  high 
economic  growth  suggesting  high,  moderate,  and  low  youth  unemployment.  In  the 
present  analysis,  only  the  low  and  high  growth  scenarios  are  considered 
because  these  present  the  "best"  and  the  "worst"  possible  situations  for  Army 
access ions . 

Fernandez  used  multi-variate  regression  analysis  for  his  prediction  of 
accessions.  Two  points  should  be  made  concerning  the  statistical  qualities  of 
this  model.  First,  not  all  determinants  of  accessions  have  been  established 
and  entered  into  the  prediction  formula.  However,  the  square  of  the  multiple 
correlation  of  the  predicted  variable  with  the  predictor  variables  w as  .90, 
indicating  that  only  10  percent  of  the  variation  in  the  predicted  variable  was 
unaccounted  for  by  the  four  predictor  variables. [ 29]  Thus,  the  model  should 
be  considered  to  be  relatively  good  from  this  standpoint. 

Second,  the  model  is  built  utilizing  sample  data  and  may  not  adequately 
represent  the  population  because  of  sampling  error.  To  judge  the  probability 
that  sampling  error  has  distorted  the  predictions,  a  confidence  interval 
(i.e.,  a  range  of  values  in  which  the  correct  prediction  should  fall)  is 
calculated  with  a  certain  confidence  level  (i.e.,  the  probability  that  the 
exercise  has  produced  a  range  of  values  in  which  the  true  predicted  value 
lies).  Using  Fernandez's  predictions,  the  confidence  intervals  for  high 
economic  growth  (i.e.,  low  unemployment )  and  low  economic  growth  (i.e.,  high 
unemployment)  at  the  .95  confidence  level  were  calculated. [30]  The  lower 
limit  of  the  high  growth  interval  represents  the  "worst"  possible  situation 


for  Army  accessions  and  the  upper  limit  of  the  low  growth  interval  represents 
the  "best"  possible  situation  for  Army  accessions.  These  limits  are  presented 
in  Table  15.  Corresponding  percentages  of  the  pool  which  1,650  men  and  2,000 
men  would  represent  were  also  calculated  and  are  also  presented  in  Table  15. 

A  perusal  of  Table  15  indicates  that  Army  aviation,  even  in  the  "best" 
possible  accessions  situation,  will  be  using  a  higher  percentage  of  the 
accessions  for  helicopter  pilot  training  throughout  this  decade  than  in  1977, 
if  the  annual  level  of  1,650  helicopter  pilot  trainees  is  continued.  The  peak 
year  would  be  1990,  in  which  the  Army  would  have  to  use  8.9  percent  of  its 
accessions  for  helicopter  pilot  training.  This  is  more  than  a  4  percent 
increase  over  the  1977  level.  On  the  other  hand,  given  the  "worst"  possible 
situation,  the  Army  would  have  to  utilize  much  higher  percentages.  In  1981, 
14.47  percent  would  have  to  be  utilized,  and  this  increases  almost  yearly  to 
22.29  percent  in  1990. 

If  the  Army  increased  its  utilization  to  2,000  men,  the  impact  is 
immediately  dramatic,  given  even  the  "best"  possible  accessions  situation. 
Utilization  of  2,000  men  requires  9.12  percent  of  the  pool  in  1981  and  this 
percentage  increases  almost  steadily  to  10.79  percent  in  1990.  Given  the 
"worst"  possible  accessions  situation,  the  impact  of  increased  utilization  is 
staggering.  In  1981,  17.54  percent  of  the  pool  would  have  to  be  utilized  and 
this  increases  almost  steadily  to  27.02  percent  in  1990. 

If  the  Army  continued  to  train  approximately  1,650  helicopter  pilots 
annually,  and  given  the  most  optimistic  predictions  for  Army  accessions, 
little  pressure  would  emanate  from  the  changing  size  of  the  population  pool  to 
utilize  personnel  other  than  males  who  meet  high  entrance  requirements. 
However,  an  increase  in  the  annual  number  of  trainees  and/or  a 
“less-than-best"  accession  situation  would  almost  certainly  strain  the 
program. 


8.2  MOBILIZATION  DRAFT  SCENARIO 

In  a  mobilization  similar  to  that  which  occurred  just  prior  to  and 
during  World  War  II,  extensive  demands  can  be  anticipated  on  the  manpower  pool 
available  to  become  helicopter  pilots.  This  scenario  projects  how  deeply  the 
helicopter  pilot  requirements  will  dip  into  the  manpower  pool  during  a  typical 
mobilization  effort.  Two  baseline  training  rates  (1,000  per  year  and  2,000 
per  year)  are  chosen.  In  the  simulated  model  which  follows,  the  1978  Army  end 
strength  of  757,000 [31]  is  projected  to  grow  to  the  post-World  War  II 
strength  of  8, 267,959[32]  in  a  three-year  period  from  1984  to  1987.  This  is 
approximately  an  11  times  increase.  It  is  assumed  that  the  helicopter 
training  rate  will  grow  by  the  same  ratio  as  the  end  strength  during  this 
period,  i.e.,  increase  about  11  times  to  11,000  per  year  or  22,000  per  year 
depending  on  the  base  line  training  rate  selected. 

The  non-prior  service  male  population  between  the  ages  of  17  and  21 
years  of  ages  is  collected  from  Census  data  and  shown  in  Table  B.7  of 
Fernandez,  projected  through  the  year  1990.  Mental  Categories  I  and  II 
comprise  the  top  35  percent  of  this  projected  population.  Assuming  that  the 
helicopter  pilot  trainees  come  from  Category  I  and  II  reduces  the  population 
to  35  percent  of  the  size  shown  in  Table  B.7  of  Fernandez.  A  further 


TABLE  15 

PREDICTED  ARMY  ACCESSIONS  OF  CATEGORY  I  AND  II  NON-PRIOR  SERVICE  MALES 
AND  PERCENT  OF  POOL  UTILIZED  FOR  ACTIVITIES 
RELATED  TO  ARMY  HELICOPTER  PILOT  TRAINING,  1981-1990 


Predicted  Army 

Access  ions 

of  Category  I  and 

II,  Non-Prior 

Service  I 

Males 

Lower  Limit 

Upper  Limit 

Range 

of  Percent  of  Pool 

High  Economic 

Low  Economic 

Needed 

to  Utilize 

Growth  Scenario 

Growth  Scenario 

(Low  Unemployment) 

(High  Unemployment) 

1,650 

Men 

2,000  Men 

,r 


reduction  of  the  pool  size  is  accomplished  through  the  physical  examination 
for  flying  duty.  Experience  gathered  from  medical  examinations  of  helicopter 
flight  training  candidates  indicates  that  this  reduction  will  be  approximately 
19  percent. [33]  This  calculation  of  the  non-prior  service  male  population 
projected  for  the  years  1980  to  1990,  and  corrected  for  mental  and  physical 
requirements  of  helicopter  flight  training,  is  shown  in  Table  16. 

Figure  2  shows  the  percentage  of  the  available  male  population  taken 
into  helicopter  flight  training  each  year  for  the  two  base  line  training  rates 
selected.  Figure  3  shows  a  mobilization  to  World  War  II  levels  of  strength  in 
the  years  1984  to  1987.  The  change  in  percentage  taken  from  the  pool  of 
potential  helicopter  pilots  is  significant  during  a  mobilization  considering 
the  demands  placed  on  this  same  group  of  people  from  the  Air  Force  and  Wavy 
pilot  programs  as  well  as  other  branches  of  all  the  services.  In  a 
mobilization  lasting  over  an  extended  time  period  it  is  likely  that  pressures 
to  lower  mental  and  physical  standards  for  flying  training  will  be 
exper ienced.  Increased  utilization  of  women  in  non-combat  flying  roles  is  an 
alternative  to  lowering  mental  and  physical  standards  that  needs  to  be 
investigated  as  more  experience  with  female  helicopter  pilots  is  obtained. 

8.3  OTHER  DATA  RELATED  TO  PERSONNEL  AVAILABILITY 

As  noted  previously,  the  Fernandez  predictions  of  Army  volunteer 
accessions  include  a  projection  of  the  17  to  21  year-old  male  population  in 
the  U.S.  for  the  period  from  1980  to  1990.  However,  this  17  to  21  year-old 
population  projection  is  not  separately  observable  in  the  prediction  of 
accessions.  Because  of  the  strong  effect  of  population  supply  in  relation  to 
Army  demands  for  personnel,  it  is  useful  to  present  such  a  projection 
separately.  Therefore,  total  U.S.  native-born  populations  in  the  18  to  24 
year-old  group,  for  the  years  1984  to  2D00,  are  presented  in  Figure  4. 

Although  Army  accesssions  come  predominantly  from  the  lower  half  of  the  18  to 
24  year-old  group,  the  total  group  is  more  meaningful  in  terms  of  Army 
manpower  demands.  First-term  reenlistments  come  from  the  upper  half  of  this 
group  and  reductions  in  such  reenlistments  must  be  offset  by  additional 
accessions.  Most  notable  in  this  data  is  the  abrupt  decline  in  the  size  of  18 
to  24  year  old  group  after  198  2.  This  decline,  which  will  show  up  somewhat 
earlier  in  the  18  to  21  year-old  group,  is  not  a  surprise  to  anyone  who  takes 
even  a  cursory  look  at  population  trends.  However,  the  magnitude  and 
persistence  of  the  downward  trend  will  be  of  major  importance  to  the  Army  in 
meeting  its  personnel  needs.  It  is  beyond  the  scope  of  this  study  to  develop 
a  model  for  prediction  of  Xrray  accessions.  However,  sufficient  information  is 
available  to  support  some  conclusions  with  respect  to  probable  outcomes. 

First,  it  must  be  noted  that  the  Fernandez  multivariate  model  is  based 
on  data  for  the  period  from  1971  to  1979.  The  17  to  21  year-old  population 
group  was  stable  in  size  throughout  this  per  if  A,  rnd  was  somewhat  larger  than 
would  occur  in  a  uniform  population  state.  Thu>  the  Fernandez  model  is 
subject  to  serious  prediction  errors  for  situations  in  which  tha  age  group  of 
military  interest  is  substantially  below  the  1971  to  1979  levels.  This 
clearly  will  occur  as  that  population  drops  to  93  percent  of  the  1979  level  by 
1985,  to  86  percent  by  1990,  and  to  79  percent  by  1995.  The  problems  for  Army 
personnel  staffing  and  the  errors  resulting  from  use  of  the  Fernandez  model 
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Figure  4.  Total  U.S.  Native-born  Populations  in  the 
18-24  Year-old  Category.  (Data  from 
Statistical  Abstract  of  the  United  States. 


are  much  larger  them  these  percentage  figures  would  indicate.  That  is,  a  10 
percent  drop  in  the  population  of  the  18  to  24  year-old  age  group  is  likely  to 
result  in  a  ouch  larger  drop  in  Army  accessions  for  the  following  reasons. 
First,  the  competition  for  this  age  group  will  be  extremely  severe.  Business, 
colleges,  and  the  other  military  services  will  all  be  competing  for  the 
constantly  shrinking  population.  The  constant  or  even  increasing  demand  in 
the  face  of  shrinking  supply  will  inevitably  drive  up  the  price  of  the 
services  of  this  age  group.  Those  who  pay  the  least  for  these  services  will 
receive  none  or  will  get  the  lowest  quality.  Therefore  the  Army  (and  others 
as  well)  must  either  be  prepared  to  bid  higher  for  the  services  desired,  or  to 
change  or  lower  standards  of  acceptance.  Second,  this  competition  was  much 
less  during  the  period  covered  by  the  Fernandez  study,  so  that  the  model  does 
not  reflect  the  effects  of  the  competition  on  voluntary  accessions. 

Figure  5  presents  the  same  data  as  Figure  4  in  a  slightly  different 
manner  to  show  more  easily  the  numbers  of  persons  in  each  category  each  year. 

Trends  in  educational  levels  are  also  a  significant  factor  to  consider 
in  Army  accessions  and  training.  Figure  6  shows  that  the  percentage  of  high 
school  graduates  from  a  given  initial  population  increased  steadily  from  50 
percent  for  the  graduation  class  of  1950,  to  75  percent  for  the  class  of  1968, 
and  remained  constant  at  the  75  percent  level  throughout  most  of  the 
1970s. [34]  Thus,  on  the  face  of  this  evidence,  the  available  total  pool  of 
persons  shown  in  Figure  4  should  be  reduced  by  25  percent,  if  high  school 
graduation  is  a  requirement.  However,  since  the  decision  to  enter  college  is 

at  least  a  temporary,  and  often  a  permanent,  decision  not  to  enter  military 

service,  the  lower  line  on  Figure  6  assumes  special  significance.  This  line 
represents  the  high  school  graduates  who  do  not  elect  to  enroll  in  college. 
Because  more  and  more  individuals  have  decided  to  go  on  to  college,  the 
percentage  (based  on  the  original  group)  of  high  school  graduates  available 
for  other  activities  remained  nearly  constant  at  30  percent  throughout  the 
period  from  1950  to  1968.  As  indicated  earlier,  the  shrinking  personnel  pool 
over  the  next  15  years  will  invoke  continuing  strong  pressure  from  colleges  to 
enroll  at  least  their  present  share  of  high  school  graduates.  Therefore  the 
actual  pool  of  graduates  which  must  be  shared  by  industry  and  the  services  is 

not  likely  to  exceed  30  percent  of  the  total  personnel  in  the  18  to  24  age 

group. 

Another  trend  of  concern  is  the  increasing  percentage  of  arrests  of 
persons  in  the  18  to  24  year-old  age  group.  Arrest  records  have  at  least 
three  effects  with  regard  to  personnel  availability:  (a)  if  absence  of  an 
arrest  and  conviction  is  among  the  criteria  for  selection  of  Army  helicopter 
pilot  trainees,  then  the  avail cble  pool  is  obviously  reduced  by  the  number  of 
personnel  with  criminal  records;  (b)  to  the  extent  that  the  Army  is  viewed  as 
requiring  adherence  to  rules  and  regulations,  persons  with  arrest  records  will 
tend  not  to  subject  themselves  voluntarily  to  such  discipline;  and  (c)  if 
criminal  behavior  is  continued  after  entry  into  service,  replacement 
accessions  will  be  required.  The  number  of  18  to  24  year-old  persons  irrested 
is  shown  by  the  lower  solid  line  in  Figure  7.  This  data  is  expressed  in 
percent  of  the  total  population  of  that  age  group  in  Figure  8,  together  with  a 
projection  of  the  arrest  percentage  from  1978  to  2000,  assuming  continuation 
of  the  trend  on  an  asymptotic  approach  to  a  maximum  of  20  percent  by  the  year 
2000.  The  rationale  for  this  projection  is  that  no  early  reversal  of  the 
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strong  upward  trend  seems  likely  in  view  of  juvenile  attitudes,  but  that 
societal  pressures  will  ultimately  halt  the  increase  when  one  out  of  every 
five  persons  in  the  18  to  24  year-old  group  has  an  arrest  record.  This 
rationale  is  an  assertion,  not  supported  by  research.  The  effects  of  this 
projection  on  the  number  of  persons  arrested  and  on  the  number  of  persons 
without  an  arrest  are  shown  in  Figure  7.  It  may  be  noted  from  this  figure 
that  the  shrinking  future  personnel  pool  will  be  reduced  even  further  by  the 
subtraction  of  those  with  arrest  records.  This  decrease  is  only  partially 
additive  to  the  decreases  resulting  from  failure  to  complete  high  school, 
since  a  substantial  portion  of  the  arrests  will  come  from  the  high  school 
dropout  category. 

Other  factors  are  obviously  of  importance  in  determing  probability  rates 
of  Army  accessions,  and  further  study  of  all  factors  of  significance  would  be 
warranted.  However,  such  further  study  would  be  considerably  beyond  the 
or iginally- intended  scope  of  the  research  reported  in  this  study.  The 
assessments  of  Army  aviation  personnel  availed) ility  given  in  Sections  7.2.1 
and  7.2.2  are  believed  to  be  useful  in  delineating  some  of  personnel  factors 
which  must  be  considered  in  connection  with  helicopter  pilot  training  in  the 
1980s  decade. 


SECTION  9 

REVIEW  OP  THE  LITERATURE 


The  literature  review  was  conducted  in  accordance  with  the  approach 
described  in  Section  2.4.  In  this  section,  brief  statements  concerning  the 
contents  of  relevant  items  of  this  literature  are  presented.  The  organization 
of  subjects  follows  the  categorization  in  Section  2.4,  which  was  organized  to 
facilitate  identification  of  training  topics  for  which  information  is  limited 
or  non-existent.  Each  item  of  literature  which  is  mentioned  in  this  review  is 
identified  by  author  and  date.  Therefore,  numbered  references  to  the 
bibliography  at  the  end  of  this  section  have  not  been  provided  in  the  text. 

The  bibliography  is  arranged  in  the  same  sequence  as  the  discussion. 

This  literature  review  was  used  primarily  as  background  for  the  analysis 
efforts  described  in  this  report.  The  synopses  of  the  literature  that  are  in 
this  section  provide  a  useful  description  of  the  current  level  of  knowledge  in 
the  areas  discussed. 

9.1  PRETRAINING  VARIABLES 

Pretraining  variables  are  factors  which  logically  and  temporally  precede 
the  development  of  training  programs.  These  factors  included  performance 
requirements,  performance  measurements,  and  trainee  selection.  Performance 
requirements  are  the  tasks  and  operations  for  which  students  are  trained. 
Performance  measurement  is  the  establishment  of  standards  for  determining 
successful  accomp 1 ishment  of  these  tasks  and  operations.  Finally,  the 
selection  of  trainees  was  considered. 

9.1.1  Performance  Requirements 

Because  of  its  present  and  future  .importance  for  Army  aviation, 
instrument  flight  was  treated  as  a  major  subcategory  of  performance 
requirements.  First,  general  aircraft  operations  were  considered.  Besides 
the  topic  of  general  aircraft  control,  special  attention  was  paid  to  approach 
landing,  hovering,  and  tracking  tasks.  Because  of  the  Army's  mission,  special 
attention  also  was  paid  to  nap-of -the- earth  (NOE),  night,  and  adverse  weather 
flight  and  combat  operations. 

Little  research  was  found  concerning  general  flight  skills  and 
procedures.  Rather,  most  research  has  focused  on  problematic  aspects  of 
flight.  A  few  exceptions  to  this  trend  were  noted.  Atkinson  and  Whitfield 
(1972)  described  problems  in  controlling  hovercraft  and  compared  pilot  and 
non-pilot  performances  in  hovercraft  control.  The  Coast  Guard  conducted  a 
comprehensive  study  of  aviator  requirements  during  operational  missions  (Hall, 
et  al. ,  1969).  Siegel  and  Federman  (1973)  investigated  the  relationship 
between  helicopter  team  performance  and  the  content  and  flow  of 
communications.  Criteria  for  handling  qualities  of  helicopters  have  been 
developed  using  pilot  evaluations  (Advisory  Group  for  Aerospace  Research  and 
Development,  Paris,  no  date). 

Research  on  the  handling  qualities  of  aircraft  may  lead  to 
studies  of  pilot  performance  requirements.  Alansky,  et  al.  (1977a  and  1977b) 
and  Kesler,  et  al.  (1974)  studied  handling  qualities  of  helicopters  carrying 
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external  loads.  Wilcock  (1976)  investigated  the  general  handling  qualities  of 
a  specific  helicopter,  and  Etzel,  et  al.  (1971)  reported  the  performances  of  a 
specific  helicopter  in  the  Arctic  environment.  Waugh  and  Stephens  (1976) 
studied  human  energy  expenditure  in  specific  helicopter  control. 

Problems  of  helicopter  pilot  disorientation  were  investigated  by 
Hixson,  et  al.  (1972),  Ogden,  et  al.  (1969)  and  Tormes  and  Guedry  (1974). 

Stave  (1977)  studied  the  effects  of  noise,  vibration,  and  fatigue  on 
helicopter  pilot  performance.  Finally,  McDaniel  (1978)  studied  antitorque 
system  failure  and  Kurylowich  (1979)  developed  a  method  to  study  problems 
created  by  vortical  wake. 

Compared  to  the  topics  just  reviewed,  the  topic  of  approach¬ 
landing  has  received  more  attention.  Most  research  in  this  area  has  focused 
on  the  evaluation  of  various  instruments  and  displays  and  various  combinations 
of  them  (Clement  and  Hofmann,  1969;  Hindson  and  Smith,  1976;  Kelly,  et  al., 
1974;  Lebacqz,  1979;  Lewis  and  Mertens,  1979;  Niessen,  et  al.,  1977;  Wingert, 
1974;  Wolf,  1970).  In  addition,  Hindson  and  Smith  (1976)  and  Lebacqz  (1979) 
studied  approach-landing  under  adverse  meteorological  conditions.  Another 
area  which  has  received  special  attention  is  aircraft  control  during  hovering. 
Once  again,  the  work  has  focused  on  evaluations  of  instruments  and  displays 
(Bynum,  et  al.,  1974;  Duffy,  1976;  Hoxie,  1974;  Fetzer,  1977;  Millelli  and 
O'Connor,  1970).  Two  of  these  studies  (Bynum,  et  al.,  1974;  Hoxie,  1974) 
included  investigation  of  visual  perception  as  a  major  feature  of  the 
research. 

A  third  area  in  which  relatively  more  research  has  been  conducted  is 
tracking.  This  area  includes  perceptions  other  than  those  of  instruments  and 
displays— usually  perceptions  of  objects  exterior  to  the  aircraft — and 
judgments  resulting  from  these  perceptions.  Armstrong,  et  al.  (1975)  studied 
altitude  and  ground  speed  judgments  of  Army  aviators.  Malcolm  and  Jones  (1973 
and  1974)  examined  the  reliability  of  subjective  response  to  vertical  linear 
accelerations  in  the  absence  of  vision.  Bynum,  et  al.  (1973)  investigated 
aviator  perception  and  hover  control  in  terms  of  a  fixed  referent  placed  on 
the  helicopter  windscreen  and  an  external  referent  placed  on  the  ground  plane. 
Crowder,  et  al.  (1975)  indicated  that  improved  hover  accuracy  is  obtained  when 
a  helicopter  pilot  uses  an  eye-1 ine-of -regard  depressed  substantially  below 
his  customary  visual  scan  pattern.  Hoffmann  and  Buell  (1976)  studied 
detection  of  beacons  from  an  approaching  helicopter.  Various  literature 
(Advisory  Group  for  Aerospace  Research  and  Developmeht,  Paris,  1972  and  1975; 
Fabon,  et  al.,  1976;  Warnick,  et  al. ,  1979)  dealt  with  tracking  tasks  related 
to  operations  under  battle  conditions.  Finally,  there  is  a  body  of  literature 
(Ozkaptan,  1978;  Shipley,  1979;  Simmons,  et  al.,  1976;  and  Stern,  1972)  which 
deals  with  methodological  issues  related  to  the  study  of  visual  activity. 

Because  of  its  importance  for  Army  aviation  tactics,  NOE  flight 
has  been  the  focus  of  much  investigation.  Cox  and  Giessler  (1978)  empirically 
established  NOE  flight  mission  profiles,  Kimball,  et  al.  (1974)  studied  pilot 
performance  and  aircraft  state  during  NOE  flight,  and  Lewis,  et  al.  (1968) 
coaqpared  navigation  effectiveness  during  NOE  flight  of  solo  pilots  and  a 
pilot-navigator  team.  Much  of  the  study  of  NOE  flight  has  been  directly 
related  to  training.  Gainer  and  Sullivan  (1976a)  developed  training 
objectives  based  on  analysis  of  mission  requirements  and  aircrew  tasks.  Based 


upon  the  results  of  experimental  research,  Fineberg,  et  al.  (1976)  suggested 
inqprovements  in  work  methods  and  training.  Harman  (1978)  evaluated  the 
Beseller  cue/see  method  for  navigation  training  for  NOE  flight.  Farrell  and 
Fineberg  (1976)  studied  transfer  of  skills  to  NOE  flight  and  special  training 
for  NOE  flight.  Gainer  and  Sullivan  (1976b  and  1976c)  defined  aircrew 
training  requirements  for  NOE  flight.  Erwin  (1979)  examined  the  issue  of 
fidelity  in  simulation  of  NOE  flight.  Finally,  Roscoe  (1976)  reviewed  the 
state  of  the  art  of  aircrew  training  technology  for  NOE  flight. 

Closely  related  to  NOE  flight  are  issues  of  flight  at  night  and 
during  adverse  weather.  Recently,  a  symposium  on  helicopter  flight  at  night 
and  in  poor  visibility  was  held  (Howell,  1979).  Instrument  and  display 
requirements  for  night  flight  have  been  investigated  and  instruments  and 
displays  have  been  evaluated  (Army  Electronics  Command,  Fort  Monmouth,  NJ, 
1974;  Kleider,  1975;  Anderson  and  Toivanen,  1972).  Of  special  interest  is  the 
development  and  evaluation  of  night  vision  goggles  (Lees,  et  al.,  1976;  Wiley, 
et  al.,  1976;  Stone,  et  al.,  1979).  Isgrid  and  Best  (1973)  evaluated  training 
requirements  and  performance  expectations  for  night  tactical  operations  by 
attack  helicopter  teams. 

Issues  that  have  been  studied  that  are  related  to  battle 
conditions  are  diverse.  These  issues  range  from  the  study  of  psychological 
variables  (Boyles,  1968}  to  the  study  of  evasive  maneuvers  by  helicopters 
(Houck,  et  al. ,  1976)  to  the  study  of  target  acquisition  (Ton,  et  al.,  1979). 
Of  special  note  is  an  evaluation  of  tactical  training  of  Marine  Corps  attack 
helicopter  pilots  (Ross,  1977). 

Performance  during  instrument  flight  was  given  special 
consideration  in  this  review  because  of  its  present  importance  in  helicopter 
flight  and  its  probable  increasing  importance  in  future  Army  aviation.  Most 
of  the  literature  in  this  area  has  dealt  with  evaluation  of  various  displays 
and  display  configurations  and  augmentations  (e.g. ,  Air  Force  Instrument 
Flight  Center,  Randolph  AFB,  Texas,  1977;  Boivin,  et  al.,  1973;  and  Hasbrook, 
et  al.,  1975).  Some  of  this  literature  has  related  specifically  to  equipment 
used  in  krny  aviation  (e.g.,  Anderson  and  Hollingsworth,  1972;  Hofmann  and 
Frezell,  1977;  and  Toivanen,  et  al.,  1971).  Gilson  and  Fenton  (1974)  and 
Triggs  et  al.,  (1974)  compared  tactual  and  visual  displays.  Morrow  (1970), 
Maruyama  (no  date),  and  Stonwell  and  Poston  (1974)  discussed  optimization  of 
lighting  in  the  helicopter  cockpit.  Buckler  (1978a  and  1978b)  has  reviewed 
the  literature  on  electro-optical  flight  displays  with  emphasis  on  rotary-wing 
aircraft.  He  concluded  that  literature  pertaining  to  the  experimental  com¬ 
parison  of  displays  with  different  symbology  formats  was,  for  the  most  part, 
sorely  lacking. 

There  is  a  limited  body  of  literature  dealing  with  general  issues 
related  to  instrument  flight.  Some  of  this  literature  reports  on  the  study  of 
techniques  enployed  by  pilots  for  gathering  information  from  displays  and 
discusses  the  information  that  was  actually  gathered  and  used  (Barnes,  1970; 
Demaio,  et  al. ,  1976;  Frezell,  et  al.,  1973  and  1975;  and  Harris,  1979). 

Other  literature  reported  on  the  study  of  the  effects  ot  display  variables  on 
pilot  workload  and  performance,  especially  under  objectively  and 
psychologically  adverse  conditions  (Baron  and  Levison,  1975;  Callan,  et  al. , 
1974;  Demail,  et  al. ,  1978).  The  problems  of  the  cockpit  environment  were  the 


subject  of  an  international  conference  (Advisory  Group  for  Aerospace  Research 
and  Development,  Paris,  1970),  and  a  bibliography  concerning  human  factors  in 
the  design  and  control  of  aircraft  has  been  assembled  (Defense  Documentation 
Center,  Alexandria,  VA,  1971).  Methods  for  studying  pilot  opinions  and 
judgment  regarding  controls  and  displays  in  helicopters  has  been  suggested 
(Armstrong,  et  ad.,  1975)  as  have  procedures  for  design  of  control  and  display 
systems  (Curry,  et  al.,  1977;  and  Wright,  1970). 

9.1.2  Performance  Measurement 

Performance  measurement  concerns  the  techniques  for  rating  task 
accomplishment.  Performance  measurement  is  important  for  establishing 
performance  criteria  which  become  training  objectives  and  in  light  of  which 
the  success  of  training  is  determined.  The  review  disclosed  very  little 
literature  which  fits  uniquely  into  this  category.  Billings,  et  al.,  (1973) 
presented  data  which  indicated  that  engine  PPM  variability  is  a  valid  index  of 
helicopter  pilot  skill.  Prophet  (  197  2)  reviewed  15  years  of  research  by  the 
Human  Resources  Research  Organization  on  measurement  techniques  of  flight 
performance  of  helicopter  trainees  and  pilots.  Boyles  and  Wahlberg  (1971) 
discussed  the  development  of  a  multivariate  prediction  system  to  determine  the 
potential  of  Army  aviation  trainees.  Barnes  and  Statham  (1970a  and  1970b) 
described  initial  research  for  the  establishment  of  normative  data  for  pilot 
performance  in  all  Army  helicopters. 

9.1.3  Trainee  Selection 

Literature  was  reviewed  which  relates  to  two  trainee  selection 
issues.  First,  literature  was  reviewed  which  addressed  the  population  pool 
from  which  the  military  can  recruit.  The  most  recent  work  in  this  area  has 
been  done  by  Fernandez  (1979  and  1980).  Second,  literature  concerning  selec¬ 
tion  methods  and  instruments  was  reviewed.  Kaplan  (1968)  evalu-ated  the  Army 
fixed-wing  aptitude  battery  in  selection  for  ROTC  flight  training.  Eastman 
and  McMullen  (1978a)  evaluated  the  predictive  validity  of  the  Flight  Aptitute 
Selection  Tests  (FAST).  They  also  suggested  a  shorter  version  of  FAST 
(Eastman  and  McMullen,  1978b).  Marco,  et  al.  (1979)  evaluated  the  Air  Force's 
Proficiency-Based  Aviation  Selection  System  (PASS)  for  rotary-wing  pilot 
trainee  selection.  Murdoch  (1977)  and  Pettyjohn,  et  al.  (1977)  discussed 
medical  criteria  for  aircrew  selection. 

9.2  TRAINING  TECHNIQUES  AND  TECHNOLOGY 

9 . 2. 1  Adaptive  Training  and  Computer  Aided  Instructions 

General  reviews  related  to  adaptive  training  techniques  for 
military  aviation  and  to  computer  aided  instruction  (CAI)  in  military  training 
are  available.  McGarth  and  Harris  (1971)  summarized  the  results  of  a 
conference  on  adaptive  training  for  Army  helicopter  pilots.  Sherron  (1975) 
summarized  computer  aided  instruction  at  24  military  installations  in  the 
United  States.  Also,  Crawford,  et  al.  (1970)  reviewed  CAI  in  the  military. 
Feurzeig-Wailace  (1971)  discussed  a  computer  based  instructional  system  for 
aviation  training.  Caro  (1970)  discussed  the  Synthetic  Flight  Training 
System. 


76 


9.2.2  Simulation  and  Simulators 


A  relatively  large  body  of  literature  dealing  with  simulation 
and  simulators  exists.  The  National  Technical  Information  Service  (NTIS)  has 
documented  and  periodically  updated  a  two  volume  bibliography  describing 
flight  training  of  Army,  Navy,  and  Air  Force  airmen  by  the  use  of  simulators 
and  simulation  systems  (Adams,  1977a,  1977b;  and  Habercom,  1980).  A  separate 
NTIS  bibliography  covers  design  and  development  of  the  simulators.  Brown 
( 1975)  and  Caro  ( 1977a,  1977b)  have  expressed  need  for  research  in  the 
specific  areas  of  techniques  for  simulation  of  the  visual  world,  sources  of 
visual  information,  elec-tronically  generated  displays,  dimensions  of  the 
visual  display,  motion  simulation,  and  criteria  for  the  evaluation  of 
simulators  as  well  as  the  general  area  of  more  efficient  training  equipment. 

A  number  of  publications  (e.g. ,  Conklin,  et  ad.,  1968;  and  Diehl 
and  Ryan,  1977)  describe  the  experiences  of  the  airline  industry  and  the 
military -in  reducing  flying  hours  by  introducing  new  or  additional  simulator 
training.  The  fuel  shortage  and  conqarehens ive  simulator  experience  used  by 
NASA  in  the  Apollo  and  Space  Shuttle  programs  have  contributed  to  increasing 
use  of  this  concept. 

Toomepuu  (1976)  has  discussed  Army  flight  simulator  programs 
from  the  user's  viewpoint.  User  evaluation  of  the  quality  and  suitability  of 
Army  flight  simulator  programs,  cost  effectiveness  of  flight  simulators,  and 
research  initiatives  needed  to  meet  Army  aviation  training  needs  were 
addressed. 

Pester  (1979)  reported  on  the  formulation  of  a  digital  data  base 
to  produce  Computer  Generated  Imagery  (CGI)  of  terrain  scene  data  utilized  to 
train  pilots. 

Shaughnesy,  et  al.  (1979)  reported  the  development  of  a 
mathematical  model  and  proposed  piloted  simulation  of  a  helicopter  and 
external  sling  load.  A  visual  landing  display  system  for  use  in  the 
simulation  was  described. 

The  Navy  reported  (Wilson  and  Vanderhorn,  1967;  Woomer  and 
Corico,  1977)  on  a  program  to  increase  flight  fidelity  of  helicopter 
simulation.  Extensive  tables  of  criteria  data  tests  are  provided  for 
reference.  The  Navy  also  reported  investigation  of  three-degree  of  freedom 
helicopter  motion  base  drive  techniques  in  1978. 

Several  publications  (CAE  Electronics,  1977a,  1977b;  and 
Dickman,  et  al.,  1977)  described  the  development  of  simulation  for  the  Army 
Attack  Helicopter  (AH-64).  Development  of  simulation  for  the  UH-1  helicopter 
is  reported  by  Hennessy,  et  al.  (1979).  Sinacori  (1970)  suggested  guidelines 
to  be  used  in  developing  mathematical  vehicular  representation  to  simulate 
helicopter  flight  with  the  Northrop  rotational  simulator.  Several  Navy 
publications  (Thomas  and  Jones,  1979;  Yeend  and  Carico,  1978)  discussed  field 
of  view  cockpit  display  considerations  applicable  to  helicopter  simulation. 

Several  publications  (e.g.,  Caro,  et  al.,  1973;  Holman,  1979; 
and  Miller,  1976)  have  dealt  with  evaluation  of  helicopter  simulators  as 
flight  training  devices.  Cost  effectiveness  is  addressed  in  a  number  of 
publications  (Army  Aviation  Center,  Fort  Rucker,  AI>. ,  1976;  Army  Training  and 


Doctrine  Command,  Fort  Monroe,  VA,  1977).  Caro  (1977a,  1977b)  addressed 
current  problems.  He  concluded  that  simulator  training  must  be  viewed  as  a 
part  of  the  larger  training  system  and  not  as  an  independent  element. 

Bynum  (1978a)  reported  an  evaluation  of  the  Singer  Computer 
Generated  Image  Night  Visual  System  attached  to  the  UH-1  f 1 ight  simulator. 
Recommendations  were  made  for  alterations  and  further  tests.  The  Army  has 
sponsored  evaluation  of  helicopter  simulators  used  for  instrument  flight 
training  and  basic  flight  training  in  the  late  1960s  and  early  1970s  (Prophet 
and  Caro,  1974).  There  were  also  studies  (e.g.,  Jolley  and  Caro,  1970)  of  the 
economics  of  using  simulators  for  flight  training  during  this  same  period. 

Bynum  (1978b)  and  Welp,  et  al.  (1975)  addressed  design  and 
evaluation  of  Nap-of-the-Earth  Trainers  for  use  by  the  Army.  A  few 
publications  discussed  training  aircraft,  simulators,  and  subsystem  trainers 
using  congmter  generated  imagery  (Army  Aviation  Test  Board,  Fort  Rucker,  AL, 
1967;  Herald,  1977), 

General  discussion  of  the  suitability  of  various  aircraft  and 
helicopter  simulators  for  instrument  training  was  the  topic  of  several 
publications  (e.g..  Army  Aviation  Test  Board,  Fort  Rucker,  AL,  1964a,  1964b, 
1964c,  1964d;  and  Davis  and  Comer,  1963) . 

9.3  UNDERGRADUATE  TRAINING 

Most  of  the  literature  which  has  focused  uniquely  on  undergraduate 
training  has  considered  either  the  economics  of  training  or  the  evaluation  of 
student  pilots.  Allison  (1969)  proposed  a  model  for  the  Air  Force  to  estimate 
the  resource  requirements  and  attendant  costs  of  undergraduate  pilot  training. 
Cook  (1969)  analyzed  the  costs  of  Air  Force  pilot  training.  Zilioli  (1971) 
studied  the  costs  of  training  and  maintaining  an  Army  aviator  in  relation  to 
crash  injuries  and  fatalities.  McCauley  and  Bradley  (1976)  analyzed  a 
proposal  to  consolidate  all  Department  of  Defense  undergraduate  pilot 
training. 

Caro  (1968)  compared  several  methods  for  evaluating  Army  student  pilot 
performance.  Childs  (1979)  reported  a  test  of  two  inflight  scoring 
procedures.  Dees  and  Dufilho  (1975a)  reported  procedures  for  predicting 
performance  of  Army  aviator  trainees.  Finally,  Elliot,  et  al.  (1979) 
suggested  a  study  of  attrition  in  the  Army's  initial  rotary  wing  training 
program. 

Other  literature  on  undergraduate  trining  has  dealt  with  an  innovative 
instrument  flight  training  program  (Caro,  1971)  and  Navy  training  situtation 
analysis.  Prophet  (1978)  reviewed  Navy  flight  training,  and  Groves  and 
Shelburne  (1967)  reviewed  education  in  the  armed  forces. 

9.4  POST  GRADUATE  ISSUES 

Advanced  pilot  training  in  the  Army  was  reviewed  by  Kennedy  (1969). 

Mooz  (1969)  studied  the  career  flow  of  pilots  in  the  Air  Force.  Apart  from 
these  general  studies,  literature  has  addressed  three  issues.  First,  Smith 
and  Matheny  (1976a  and  1976b)  and  Wright  (1973a  and  1973b)  addressed  issues  of 
retention  and  refresher  training.  Second,  Barnes  (1970)  and  Caro  (1970) 


addressed  the  Issue  of  transfer  of  training.  Finally,  three  studies  (Ciley 
and  Long,  1979;  Isley,  et  al. ,  1979;  and  Long,  et  ad.,  1979)  addressed  pilot 
training  at  the  unit  level. 

9.5  OTHER  TRAINING  RELATED  LITERATURE 

A  large  part  of  the  other  literature  reviewed  consisted  either  of 
conference  proceedings  or  summary  reports.  This  literature  included 
proceedings  of  an  Army  aviation  instructors'  conference  (Army  Aviation  School, 
Fort  Rucker,  AL,  1968),  a  conference  on  advanced  rotorcraft  (Advisory  Group 
for  Aerospace  Reseatrch  and  Development,  Paris,  1973),  a  conference  on  air  crew 
performance  in  Army  aviation  (Deputy  Chief  of  Staff  for  Research  Development 
and  Acquisition-Army,  Washington  D.C.,  1973),  and  a  conference  on  education 
and  training  in  the  Department  of  Defense  (Davenport,  et  al.,  1966).  Summary 
literature  included  annual  progress  reports  of  the  Army  Aeromedical  Research 
Laboratory  (Bailey,  1975  and  1976),  a  review  of  Department  of  Defense  training 
research  and  evaluation  for  FY  1977  (Orlansky,  1977),  and  summaries  of 
training  research  and  development  conducted  by  the  Human  Resources  Research 
organization  (1969  and  1970;  and  Lavisky,  1969).  Other  literature  to  be  noted 
included  a  study  of  the  Army  aviation  warrant  officer  program  (Army  Military 
Personnel  Center,  Alexandria,  VA,  1977),  a  study  of  the  Coast  Guard's  aviation 
synthetic  training  programs  (Isley,  et  al.,  1974),  and  studies  of  Navy 
helicopter  pilot  training  programs  (Gibbons  and  Hynes,  1978;  Hearold,  et  al., 
1979). 
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SECTION  10 

IDENTIFICATION  OF  REQUIREMENTS  FOR  BEHAVIORAL  RESEARCH 


Three  behavioral  research  requirements  for  future  Army  aviation  aircrew 
training  were  identified.  The  first  is  the  need  for  expansion  or  follow-up  of 
earlier  studies.  The  issues  examined  in  earlier  studies  are  frequently 
dynamic  in  nature  and  may  change  over  time.  A  pattern  of  different  results 
and  conclusions/  reflecting  changing  characteristics  of  future  aviation 
systems/subsystems  and  operational  environments/  may  be  expected  to  require 
updated  research.  The  second  behavioral  research  requirement  concerns 
potential  new  missions  which  may  become  possible  because  of  advances  in 
aviation  system/subsystem  capability/  or  new  missions  which  may  become 
necessary  because  of  new  operational  environments.  The  third  behavioral 
research  requirement  is  connected  with  training  tasks  which  are  affected  by 
significant  changes  in  the  characteristics  and  capabilities  of  aviation 
systems  or  subsystems. 

Various  extensive  research  efforts  have  been  conducted  concerning  some 
of  the  topics  discussed  below.  However,  much  of  the  literature  reported  the 
findings  of  isolated  projects  concerned  with  specific  problems.  For  example, 
there  is  an  extensive  body  of  literature  on  the  general  area  of  display 
perception,  decision  making,  and  instrument  flight.  Much  of  the  literature  in 
this  area  resulted  from  the  need  for  evaluation  of  specific  displays  and/or 
combinations  of  displays.  The  intent  of  these  studies,  quite  rightfully,  was 
not  to  examine  the  basic  principles  of  human  cognition,  information 
processing,  and  performance,  even  as  they  related  to  helicopter  operations. 
However,  some  of  this  literature  may  contain  information  which  increases  the 
knowledge  of  basic  behavioral  principles  as  they  relate  to  Army  aviation.  For 
those  topics  which  are  covered  relatively  extensively  in  the  literature,  the 
first  step  in  future  research  should  be  a  "state-of-knowledge"  literature 
review.  For  example,  such  a  literature  review  could  answer  the  question  "*  at 
does  research  evaluating  various  displays  and  display  configurations  tell  us 
about  cognition,  information  processing,  and  performance  as  they  relate  to 
Army  aviation?"  "State-of-knowledge"  literature  reviews  would  decrease  the 
probability  that  future  research  would  duplicate  already  existing  knowledge 
and  would  help  specify  the  need  for  particular  research  projects. 

10.1  EXPANSION  OF  FOLLOW-UP  STUDIES  OF  EARLIER  BEHAVIORAL  RESEARCH 

Various  research  issues  investigated  in  Army  aviation  aircrew  behavioral 
research  in  the  past  two  decades  are  still  of  great  importance  and  interest  to 
future  Army  aviation.  The  effectiveness  of  training  innovations,  the  usage  of 
simulators  in  future  training,  flight  skill  retention,  requirements  for 
undergraduate  and  postgraduate  pilot  training,  and  manpower  analy-sis  should 
continue  to  be  investigated  to  support  the  development  of  effective  aircrew 
training  programs. 

10.1.1  Training  Innovations 

Innovations  such  as  automatically  adaptive  training,  computer- 
assisted  instruction,  adaptive  measurement  of  residual  attention,  automatic 
performance  measurement,  cinematic  simulation,  and  interactive  computer- 


control  display  devices  have  been  reviewed  by  Roscoe. [35]  Developments  on 
sane  of  these  training  innovations  could  be  improved.  Evaluation  of  the 
effectiveness  of  using  these  and  other  training  innovations  will  provide 
valuable  information  in  the  selection  of  approaches  and  pro-cedures  in  future 
Army  aviation  aircrew  training.  Effectiveness  can  be  examined  in  relation  to 
training  objectives  over  different  behavioral  categories  such  as  procedural 
activities,  decision-making  activities,  and  perceptual-motor  activities. 

10.1.2  Simulator  Training 

Although  the  literature  review  revealed  what  appears  to  be  a 
plethora  of  research  on  the  use  and  effectiveness  of  simulators  for  helicopter 
aircrew  training,  the  importance  of  this  topic  clearly  requires  additional 
research  and  more  definitive  results.  It  is  now  accepted  that  simulator 
training  is  more  cost-effective  than  flight  training,  up  to  a  point.  However, 
that  point  is  not  yet  clearly  defined.  Controlled  experiments,  comparing 
objectively  measured  performance  of  crews  undergoing  differing  amounts  of 
training  time  in  simulators  versus  actual  flying,  are  essential  to  determine 
optimum  amounts  of  each,  with  due  regard  to  total  cost  differentials  of  each 
type  of  training.  To  the  extent  that  performance  must  be  judged 
qualitatively,  it  would  be  highly  desirable  for  the  judges  to  be  unaware  of 
the  differences  in  training  experienced  by  the  crews. 

Two  important  factors  do  not  appear  to  have  been  adequately 
evaluated  by  prior  research.  The  first  is  the  perception  of  the  trainees 
themselves  of  the  relative  degree  of  competence  attained  through  various  mixes 
of  simulator  versus  flying  time.  For  example,  even  if  an  objective  evaluation 
should  indicate  that  the  highest  competence  would  be  obtained  without  any 
actual  flight  time,  the  trainees  might  well  lack  confidence  in  their  ability 
to  perform  in  the  air.  Research  on  crew  perceptions  of  degree  of  confidence 
achieved  through  simulator  training  can  be  achieved  at  little,  if  any, 
additional  operational  cost  through  well-constructed  surveys  of  such 
perceptions  at  various  intervals  in  the  on-going  training  process. 

The  second  factor  is  the  psychological  need  of  aircrew  personnel 
for  actual  flying.  First  and  foremost,  all  aircrew  personnel  want  to  fly. 

They  will  accept  and  even  welcome  simulator  training  to  the  extent  that  they 
perceive  it  will  help  than  to  do  a  better  job  in  the  air.  However,  because 
their  primary  goal  is  air  time,  any  interference  with  that  goal  will  be 
resented.  Motivational  research  is  needed  to  define  minimal  and  optimal 
amounts  of  flying  time  required  by  aircrews  to  ensure  their  retention  as  Array 
helicopter  pilots.  It  is  evident  that  both  of  these  factors  have  been 
involved  in  determining  amounts  and  types  of  training  by  simulations  versus 
actual  flying.  However,  these  two  factors  have  been  hidden  or  unacknowledged, 
and  in  any  event  could  not  receive  adequate  consideration  because  of  the  lack 
of  knowledge  of  their  effects. 

10.1.3  Flight  Skill  Retention 

Behavioral  research  will  be  required  in  the  analysis  of  aircrew 
flight  skill  retention.  Findings  from  earlier  flight  skill  retention  studies 
may  still  be  applicable  to  new  aviation  system/subsystem  training.  However, 
answers  to  questions  on  skill  retention  of  flight  tasks  involved  in  night 
nap-of-the-earth,  air-to-air  combat,  or  rapid  deployment  assignment  are  not 
available. 


10.1.4  Undergraduate/Postgraduate  Training  Syllabi 


Hours  and  content  of  undergraduate  pilot  training  and 
postgraduate  unit  training  need  to  be  determined.  System/subsystem  capability 
improvement  may  make  certain  flight  tasks  easier  and  consequently,  fewer  hours 
will  be  required  in  training  for  these  tasks.  On  the  other  hand,  new  flight 
tasks  introduced  by  system/subsystem  capability  improvement  may  require  more 
time  in  pilot  training.  Hours  and  approaches  in  unit  training,  to  maintain 
pilot  combat  readiness,  may  be  significantly  different  from  current  Army 
aviation  practices.  In  other  words,  research  efforts  are  needed  to  determine 
the  best  strategy  for  undergraduate  pilot  development  and  for  the  maintenance 
of  unit  pilot  combat  readiness. 

10.1.5  Personnel  Availability  and  Qualifications 

The  demand  for,  and  supply  of,  manpower  has  been  a  continuing 
consideration  in  Army  training  programs.  Numbers  and  qualifications  of 
aviators  should  be  defined  in  accordance  with  Army  aviation  operational  plans. 
Complete  manpower  demand  projections  reflecting  future  Army  plans  as  well  as 
future  aviation  system/subsystem  characteristics  should  be  prepared.  The 
supply  of  potential  Army  aviators  in  the  future  may  be  influenced  by  economic 
conditions,  educational  trends,  and  general  youth  population  trends. 
Recruitment  difficulties  and  measures  to  alleviate  these  difficulties  should 
be  examined  to  ensure  that  a  sufficient  number  of  qualified  Army  aviators  will 
be  available  in  the  future.  More  relevant  mil it ary  manpower  supply 
projections  should  be  developed  (as  was  discussed  in  Section  7.2). 

10.1.6  Integration  of  Sensory  Inputs 

Although  research  has  been  conducted  on  auditory  and  tactile 
sensory  inputs  over  the  years,  practical  applications  seem  to  have  been 
limited  to  rather  simple  warning  items  such  as  bells,  buzzers,  voice  tapes, 
and  stick  shakers.  Little  research  appears  to  exist  on  optimum  balance  of 
sensory  inputs  or  on  saturation  limits  for  multiple  stimuli.  Intuitively,  it 
would  appear  that  visual  inputs  should  be  limited  to  external  situations  or 
replicas  thereof,  with  warning  information  given  by  auditory  or  tactile  means. 
The  increasing  use  of  HUD  displays  is  evidence  of  the  need  for  visual  eraphas is 
on  the  external  situation.  Warning  information  should  require  a  minimum  of 
pilot  interpretation  to  elicit  the  correct  response.  For  example,  a  voice 
signal  to  "break  left"  is  much  more  useful  than  a  red  light  whose  meaning  must 
be  interpreted  in  terms  of  its  location  on  a  panel,  or  a  buzzer  whose  tone 
must  be  decoded  by  the  pilot.  The  examples  indicate  the  nature  of  possible 
payoffs  in  system  design  through  behavioral  research  on  optimum  integration  of 
sensory  inputs. 

10.1.7  Crew  Behavior  in  the  Region  of  Workload  Saturation 

In  addition  to  the  prior  and  on-going  research  directed  toward 
determination  and  alleviation  of  aircrew  workload,  some  particular  topics 
could  be  usefully  emphasized  because  of  the  changing  demands  of  the  newer  Army 
aviation  systems.  The  first  of  such  topics  is  the  examination  of  crew 
behavior  as  the  limits  of  -workload  saturation  are  approached,  reached,  and 
exceeded.  Saturation  of  information  processing  capability  and  of  action 
sequence  response  capability  may  occur  separately  or  concurrently.  In  the 
first  case  the  subject  becomes  confused  and  cannot  formulate  any  course  of 


action.  In  the  second  case  the  subject  may  know  what  sequence  of  action  is 
required,  but  is  unable  to  execute  that  sequence  in  the  time  available. 

Simulators  can  be  used  to  conduct  research  on  both  of  these 
problems  safely  and  realistically  for  situations  of  direct  interest  to  Army 
aviation  training.  In  addition  to  producing  a  basic  understanding  of  these 
problems,  further  goals  should  include  development  of  ways  to  establish 
"graceful  degradation"  of  crew  performance  rather  than  "catastrophic  failure," 
as  stress  limits  are  reached.  "Escape  routes"  and  "fail-safe"  modes  should  be 
established  for  crew  performance  so  that  crews  may  recover  to  an  unsaturated 
mode  without  losing  fundamental  operational  capability,  e.g.,  control  of  the 
aircraft.  This  research  should  also  include  further  studies  of  patterns, 
causes,  and  symptoms  of  workload  saturation  and  catastrophic  failure. 

10.1.8  Comparative  Losses  From  Enemv  Fire  vs.  Ground  Impact 


Operations  research  is  required  to  provide  specific  information 
on  probable  loss  rates  from  enemy  fire  and  from  ground  environment  impact  at 
various  altitudes  and  speeds,  for  various  levels  of  enemy  threat,  and  for 
differing  terrain  conditions.  This  information  should  be  provided  to 
commanders  and  aircrews  in  eas ily  understandable  form  for  operational  use. 

One  such  form  might  be  a  graphical  presentation  of  the  curve  of  combined  loss 
rate  from  enemy  fire  and  ground  environment  impact  per  100  missions,  versus 
the  parameter  of  speed  divided  by  altitude.  A  curve  of  this  type  for  a  given 
threat  level  and  ground  environment  class  would  be  saddle-shaped  with  a  low 
point  indicating  the  optimum  speed/ altitude  for  minimum  combined  losses.  A 
small  set  of  such  graphs  for  various  levels  of  enemy  defense  and  classes  of 
ground  environment,  for  both  day  and  night,  would  provide  a  useful  guide  for 
combat  operations. 

Early  availability  of  such  an  aid,  even  though  approximate, 
would  be  much  better  than  waiting  for  the  ultimate,  finely  detailed,  and 
absolutely  accurate  analysis  which  is  also  probably  unattainable.  Such  a 
solution  is  also  infinitely  preferable  to  the  current  dictum  to  "fly  as  low 
and  as  fast  as  you  can."  This  dictum  is  an  insufficient  criterion  because  no 
single  speed/altitude  trade-off  between  enemy  threat  and  ground  environment 
impact  exists.  Even  better  than  graphical  presentation  (once  the  concept  was 
made  clear  in  training)  would  be  an  equivalent  simple  program  for  the  cockpit 
computer.  The  crew  could  enter  input  data  on  expected  enemy  threat  level  and 
ground  environment  type  and  receive  output  information  on  the  optimum 
speed/ altitude  combination.  Updating,  based  on  encountering  differing 
conditions,  could  be  accomplished  almost  instantly.  Although  much  research  on 
NOE  operations  has  been  conducted,  nothing  of  the  sort  described  above  was 
discovered  in  the  literature  search. 

10.1.9  Aircrew  Performance  in  Adverse  Environments 


The  1973  Conference  on  Aircrew  Performance  in  Army  Aviation 
recommended  that  "systematic  field  tests  (be  conducted)  to  provide 
quantitative  assessments  of  aircrew  performance  under  these  (precipitation, 
limited  visibility,  wind,  snow-covered  terrain)  conditions. " [36]  To  the 
extent  that  this  work  remains  undone  or  incomplete,  simulation  capabilities 
now  provide  a  much  better  research  approach.  Current  computer- imaging 
capabiities,  which  should  be  available  in  regular  crew  training  simulators. 


may  be  programmed  to  replicate  any  of  the  conditions  indicated  above.  Crew 
response,  operational  problems,  and  training  requirements  associated  with 
these  conditions  can  be  determined  under  controlled  conditions,  at  much  less 
cost  than  by  field  tests.  Testing  under  actual  field  conditions  could  be 
limited  to  verification  of  simulator-based  research  and  could  be  explicitly 
directed  toward  known  problem  areas,  rather  than  being  used  in  the  problem- 
search  mode  which  tends  to  be  a  wasteful,  high  cost  research  approach. 

10.1.10  Reversal  of  Visual/lnstrument  Flight  Training  Sequence 

The  difficulties  experienced  in  instrument  flying,  both  in 
fixed-wing  aircraft  and  helicopters,  combined  with  the  training  opportunities 
now  possible  with  advanced  simulators,  suggest  that  research  on  a  new  approach 
to  flying  training  might  provide  a  substantial  pay-off.  This  approach  would 
reverse  the  present  sequence  of  teaching  visual  contact  flying  first,  followed 
by  instrument  flight  training,  during  which  many  responses  taught  in  the 
visual  phase  must  be  unleaurned.  The  presumed  advantages  of  reversal  derive 
from  the  following  observations.  First,  a  persistent  error  in  instrument 
flying  is  the  tendency  to  disbelieve  the  instruments,  traceable  to  the 
sequence  which  implies  that  instrument  flight  is  secondary  to  "real"  flying. 
Second,  a  common  attitude  is  that  flight  based  on  instrument  cues  is 
difficult,  which  is  also  traceable  to  the  sequence  which  implies  that 
instrument  flight  is  "unnatural." 

Those  whose  aptitude  for  instrument  flight  1s  poor  could  be 
eliminated  early  in  the  program,  prior  to  large  investment  in  visual  flight 
training.  This  is  particularly  important  in  view  of  the  fact  that  most  "wash 
outs"  occur  during  instrument  training,  which  is  considered  the  most  difficult 
part  of  the  syllabus.  The  capabilities  and  cost  of  simulators  are  now  such 
that  very  effective  instrument-flight  training  can  be  provided  as  the  first 
step  in  training  at  a  much  lower  cost  than  visual  flight  in  actual  aircraft. 
Behatvloral  research  is  needed,  using  control  groups,  to  evaluate  the  relative 
effectiveness  of  the  two  sequences.  This  research  would  be  quite  pragmatic 
and  would  incur  very  little  additional  cost  since  it  could  use  existing 
syllabi  except  for  chauiges  in  sequence.  This  approach  might  also  be  extended 
to  examination  of  a  sequence  in  which  instrument  flight  simulator  training  is 
first,  followed  by  night  flight  simulator  training,  with  visual  contact  flight 
training  last. 

10.2  BEHAVIORAL  RESEARCH  IN  RESPONSE  TO  NEW  MISSION  OR  OPERATIONAL 

ENVIRONMENTS 

Night  nap-of-th e-earth ,  air-to-air  combat,  and  rapid  deployment 
activities  will  become  more  common  in  future  Army  aviation  operations. 

Detailed  flight  task  requirement  analyses  of  these  missions  are  required  for 
the  development  of  mission  plans  and  training  programs.  Studies  similar  to 
the  one  describing  the  aircrew  training  requirements  for  nap-of-th e-earth 
flight  by  Gainer  and  Sullivan  [37]  may  be  the  first  step  in  analyzing  night 
nap-of-th e-earth  air-to-air  combat  requirements .  Th^se  studies  will  establish 
training  objectives  and  define  flight  tasks.  Training  doctrine  for  these 
flight  missions  must  be  developed  before  any  appropriate  training  method  can 
be  analyzed  and  adopted. 


Battlefield  management,  mission  planning,  navigation,  and  crew 
coordination  will  receive  much  more  attention  in  the  preparation  of  Army 
aircrews  for  future  rapid  deployment  missions.  Unfamiliar  and  adverse  weather 
conditions  as  well  as  drastically  different  terrain  can  be  expected  in  joint 
forces  rapid  deployment  operations.  This  points  out  the  need  to  develop 
adverse  weather  and  different  terrain  training  modules  to  provide  effective 
training  for  the  Army  aircrews  who  will  participate  in  rapid  deployment 
assignments  in  trouble  spots  around  the  world.  Of  course,  the  effectiveness 
of  these  training  modules  should  be  evaluated  first.  Related  behavioral 
research  would  include  the  examination  of  flight  skill  retention  by  Army 
aviators  assigned  to  the  rapid  deployment  task  forces. 


10.2.2 


it  Flight  Operations 


Research  is  needed  to  identify  both  the  physical  and 
psychological  attributes  which  are  important  in  night-time  flight  operations. 
Once  the  attributes  are  known,  further  study  will  be  required  to  determine 
appropriate  selection  techniques,  and  to  define  the  type  of  training  needed  to 
enhance  or  better  utilize  those  attributes.  This  research  could  also  support 
decisions  on  whether  to  exclude  from  helicopter  training  those  individuals  who 
are  poorly  qualified  for  night  operations,  or  whether  to  establish  separate 
squadrons  for  day  and  for  night  operations.  A  precedent  for  the  latter 
approach  may  be  found  in  the  following  quote  relating  to  German  development  of 
night-fighter  capability  during  world  War  II.  "Exercises  in  night  fighting 
served  to  reemphasize  the  dependence  of  night  fighter  attack  on  individual 
pilot  ability. "[38]  Throughout  the  war,  Germany  maintained  special  night 
fighter  forces,  and  pilots  assigned  to  night  fighter  duties  remained  in  those 
forces  and  did  not  ordinarily  return  to  day  fighter  duties. 


Another  aspect  of  night  operations  related  to  training 
activities  is  the  determination  of  the  essential  cues  used  by  the  aircrew  in 
night  operations.  These  cues  may  be  replicated  more  eas ily  by  computer¬ 
generated  image  systems  in  dusk- and- night-only  simulators  than  by  the  large 
terrain  model  boards  with  movable  optic  probes  used  in  day-operation 
simulators.  The  computer-generated  image  systems  are  also  infinitely  more 
flexible  than  the  terrain  model  boards.  Therefore  research  aimed  at 
determining  the  cues  which  are  most  important  in  night  operations  could  have  a 
very  significant  pay-off.  Early  research  by  James  A.  Bynum  provides  a  basis 
for  further  research  in  this  area. [39] 


10.2.3  Air-to-A ir  Combat  Requirements 


Behavioral  research  for  air-to-air  combat  should  be  conducted 
concurrently  with  the  development  of  doctrine  and  tactics  for  this  mission.  A 
key  issue  will  be  the  detection  and  identification  of  attacking  enemy  aircraft 
at  long  ranges,  both  visually  and  electronically.  An  important  area  for  study 
will  be  the  identification  of  the  types  of  cues  which  enable  early  detection 
of  an  enemy  air  threat  even  though  the  aircrew  members  are  concentrating  on 
their  primary  mission  in  a  high  ground  threat  environment. 


Another  important  factor  will  be  determination  of  the  amount  and 
type  of  simulator  training  required  to  enhance  pilots'  chances  of  survival  and 
victory  in  their  first  decisive  encounter.  Studies  of  fixed-wing  air  combat 


have  indicated  that  pilot  survival  chances  increase  rapidly  in  each  successive 
encounter  and  that  the  first  encounter  is  critical.  Simulation  techniques  and 
criteria  should  be  developed  which  will  select  those  pilots  with  the  greatest 
aptitude  for  air-to-air  combat  and  provide  training  so  that  they  will  enter 
their  first  actual  combat  with  the  equivalent  of  many  combat  encounters  behind 
that. 


When  doctrine,  tactics,  roles,  and  missions  have  been  defined 
for  helicopter  air  combat,  then  research  may  be  required  with  respect  to 
motivation  and  discipline  for  the  crews  assigned  for  the  various  roles.  For 
exaoq>le,  if  the  psychological  rewards  for  aerial  victories  are 
disproportionate  to  those  for  ground  attach,  there  will  be  a  tendency  for  the 
aircrews  to  break  off  from  primary  attack  missions  to  pursue  enemy 
helicopters.  The  scarcity  of  literature  references  on  air-to-air  helicopter 
combat  emphasizes  both  the  need  and  opportunity  for  research  related  to  this 
topic. 

10.2.4  Nap-of-the  Earth  Operations 

Almost  all  of  the  research  on  NOE  operations  implicitly  assumes 
the  existence  of  terrain  and/or  vegetation  conditions  which  can  provide 
concealment  in  very  low  level  flight.  This  is  natural  and  consistent  with 
experience  in  Vietnam,  conditions  in  Western  Europe,  and  training 
opportunities  around  Fort  Rucker.  Research  is  needed  on  the  applicability  and 
adjustment  of  NOE  operations  to  combat  in  flat,  treeless  terrain.  Differences 
in  tactics,  and  use  of  substitutes  for  tree  and  terrain  cover,  such  as  smoke 
screens,  radar  jamming,  and  suppressive  fire  by  fixed-wing  close-air-support, 
will  require  additional  types  of  training,  which  must  be  preceded  by  research 
to  determine  the  behavioral  actions  appropriate  to  these  changes. 

During  the  original  literature  review  no  reference  was  found  on 
NOE  operations  which  dealt  with  the  issue  of  helicopter  operation  in  city 
areas,  which  have  many  similarities  and  many  differences  from  natural  terrain. 
However,  it  was  subsequently  found  that  work  in  this  area  has  been 
acconplished  by  the  Navy  and  has  been  reported  in  O.  A.  Larson,  et  al. ,  "Urban 
Area  Combat  Training:  Aviation  Implications, "  NPRDC  SR-81-11,  February  1981. 
Fire  from  concealed  positions  in  built-up  areas  may  provide  the  same  danger  to 
helicopters  as  that  from  wooded  positions,  while  providing  much  more 
protection  for  the  enemy.  Buildings  in  cities  have  the  same  potential  for 
helicopter  concealment  and  for  hazards  to  flying  as  trees  in  natural  terrain, 
but  obviously  cannot  be  treated  identically  in  developing  tactics  and 
procedures.  Because  of  the  likelihood  that  some  future  operations  will 
require  combat  in  metropolitan  areas,  research  should  be  conducted  on  the 
problems  associated  with  such  operations. 

10.2.5  Helicopter  Formation  Flying  Requirements 

The  literature  review  did  not  indicate  the  existence  of 
significant  research  on  problems  of  tactical  formation  flying  with 
helicopters.  High  threat  situations,  massed  enemy  armor,  and  air  attacks  by 
enemy  helicopters  may  well  require  more  use  of  close-formation  helicopter 
tactics  than  has  been  experienced  previously.  Research  on  the  concentration, 
near-field  distance  perception,  and  flying  skills  required  for  close-formation 
helicopter  flight  under  combat  stress  would  provide  for  development  of 


103 


training  methods  which  would  not  expose  crews  and  aircraft  to  collision  losses 
until  a  high  degree  of  competency  has  been  developed. 


10.3  BEHAVIORAL  RESEARCH  REQUIREMENTS  ARISING  FROM  AVIATION  SYSTEM/SUBSYSTEM 
CAPABILITY  IMPROVEMENTS 


Future  Army  aviation  systems/subsystems  may  decrease  aircrew  workload  on 
certain  flight  tasks  and/or  introduce  additional  tasks  which  increase  aircrew 
workload.  In  general,  aircraft  manufacturers  include  aircrew  workload 
analysis  in  their  design  processes.  Workload  analysis  data  aid  human  factors 
engineers  in  crew  station  design.  For  aircrew  training,  workload  analysis  is 
needed  in  the  assignment  of  flight  tasks  to  aircrew  members  and  the 
examination  of  crew  activity  coordination.  Multiple  activity  charts  of  crew 
members  and  time-line  analysis  of  tasks  should  be  prepared.  Updated  analyses 
are  required  whenever  product  improvement  programs  take  effect.  Appropriate 
methods  of  defining  or  measuring  workload  may  have  to  be  devel-oped  before 
workload  analyses  on  certain  flight  tasks  can  be  conducted. 

10.3.1  Information  Processing 

The  introduction  of  more  advanced  avionic  equipment  in 
helicopters  makes  the  Army  aviator  part  of  an  information  processing  system. 
Effective  uses  of  computers  and  decision  support  facilities  become  essential 
to  aviators.  Information  processing  functions  affect  a  wide  range  of  flight 
tasks;  e.g. ,  navigation;  communication;  weapon  aiming;  battlefield  management; 
and  control,  command,  and  communication.  Behavioral  research  is  needed  to 
identify  aviator  aptitude  for  information  processing  and  decision-making 
activities.  The  standard  for  selecting  aviator  candidates  should  be  reviewed. 
This  may  also  lead  to  the  redesign  of  aircrew  candidate  aptitude  tests. 


10.3.2  CRT  Displays 


Very  advanced  behavioral  research  will  be  needed  to  determine 
the  optimum  cuing  systems  for  CRT  displays.  An  important  aspect  of  this 
determination  will  be  the  use  of  subjects  who  do  not  have  prior  experience 
with  any  current  cockpit  instrumentation.  This  will  require  a  very  basic 
approach  in  defining  each  of  the  aircrew  tasks  to  be  performed,  followed  by 
experimentation  with  various  types  of  cues  for  each  task  to  determine  which 
cues  and  cuing  sequences  result  in  the  fastest  and  most  accurate  responses. 
This  research  will  result  in  revolutionary  recommendations  for  display 
systems.  In  particular  the  findings  will  call  for  major  departures  from 
current  displays  which  are  strongly  biased  by  pilot  familiarity  with  the 
information  provided  by  now  obsolete  instrument  systems.  Thus  a  part  of  the 
research  must  be  directed  toward  methods  of  diminishing  experienced-pilot 
resistance  to  advanced  information  displays.  Research  will  also  be  required 
to  define  the  type  and  amount  of  retraining  which  will  be  required  for  pilot 
accommodation  to  unfamiliar  displays.  If  the  above  approach  is  not  taken,  the 
opportunities  for  exploitation  of  the  full  potential  of  CRT  displays  will  be 
long  delayed.  The  literature  search  did  not  reveal  a  large  amount  of  research 
relating  piloting  requirements  wit''  CRT-provided  information,  and  no  articles 
were  discovered  which  dealt  directly  with  the  above  issues. 


10.3.3  Tactile  Skills 


Automation  of  systems  and  training  devices  is  emphasizing  the 
importance  of  tactile  skills  in  system  operation.  Basic  "keyboard"  aptitude 
is  of  growing  importance,  and  is  of  particular  importance  for  machine 
controlled  training.  Information  on  techniques  for  measuring  tactile  ability 
is  available  in  the  general  literature.  This  should  provide  a  basis  for 
further  work  to  determine  tactile  aptitude  testing  procedures  and  to  establish 
design  criteria  for  automation  in  Army  aviation  systems  and  teaching  machines. 

10.3.4  Training  Feedback  to  Machine  Design 

Generally  speaking,  training  requirements  are  assumed  to  be 
based  upon  the  predetermined  characteristics  of  machines  be  already  built, 
designed,  or  at  least  projected.  However,  in  theory  and  partially  in 
practice,  the  process  may  be  iterative;  i.  e.,  if  the  training  required  for 
operation  of  a  given  machine  is  difficult  or  impossible  to  achieve  then  the 
design  of  the  machine  may  or  must  be  changed.  At  the  present  time  the 
information  provided  to  the  helicopter  aircrew  is  an  accumulation  of  all  the 
information  previously  found,  at  one  time  or  another,  to  be  useful.  Since 
this  history  of  accumulation  goes  back  to  the  earliest  days  of  fixed-wing 
aircraft,  it  is  at  least  possible  that  some  of  the  information  is  unneeded  or 
redundant.  Until  the  advent  of  current  simulator  capabilities,  there  was  no 
safe  or  efficient  way  of  conducting  research  to  reduce  this  accretion.  Flight 
simulators  now  provide  the  basis  for  a  "zero-based"  approach  to  helicopter 
crew  Information  needs.  Flight  simulation  can  be  initiated  with  no  displays 
other  than  the  visual  outside  reference.  As  crew  performance  weaknesses  and 
failures  are  observed,  the  type  of  information  necessary  to  improve 
performance  and  prevent  failure  can  be  determined.  Then  appropriate  sensory 
signals  may  be  developed  to  provide  the  necessary  information.  Because  this 
research  will  not  have  a  major  effect  upon  systems  already  in  existence,  or 
even  those  now  in  development,  research  on  training  methods  to  cope  with  the 
existing  crew  information  systems  must  be  continued. 

10. 3. 5  Map  Displays 

Almost  all  maps  and  map  displays  have  historically  been  symbolic 
in  design,  primarily  because  of  limitations  of  the  media,  either  paper  or 
electronic.  Now  the  potential  exists  for  elimination  of  many  of  the 
restrictions  inherent  to  paper  and  early  electronic  displays.  Research  is 
needed  in  this  area  to  determine  what  mission-related  information  is  required. 
That  is,  why  is  the  map/display  needed— to  avoid  hazards,  to  locate  targets, 
to  select  flight  routes,  to  return  to  base,  or  for  some  other  function?  This  . 
approach  is  much  more  important  than  research  aimed  at  incremental 
improvements  in  map  displays.  Ideally  the  aircrew  should  be  provided  with 
only  that  portion  of  the  map  information  which  is  relevant  to  the  task  or 
tasks  at  hand  at  any  given  time.  This  of  course  is  now  easy  to  achieve  with 
electronic  displays  in  which  unneeded  information  can  be  suppressed,  scales 
and  orientation  changed,  and  emphasis  added,  either  by  programming  or  crew 
choice. 


SECTION  11 
FINDINGS 


The  primary  findings  of  the  study  are  summarized  in  this  section.  These 
findings  are  presented  under  the  same  headings  as  the  sections  in  the  main 
body  of  the  report  from  which  they  are  derived.  The  rationale  supporting  each 
of  the  findings  may  be  found  in  those  sections. 

11.1  SURVEY  RESULTS 

(1)  Training  requirements  will  change  gradually,  but  the  cumulative 
effects  will  alter  all  aspects  of  training. 

(2)  The  importance  of  physical  skills  will  be  reduced,  but  the  decision 
workload  will  increase,  so  that  crew  members  will  continue  to  be  taxed  almost 
to  the  limits  of  their  abilities. 

(3)  Cathode  ray  tube  (CRT)  displays  will  replace  outmoded  dials, 
reducing  cockpit  information  clutter. 

(4)  The  mast-mounted  sight  will  result  in  a  trade-off  between  reduced 
vulnerability  to  enemy  action  versus  some  increase  in  ground  collision 
hazards. 

(5)  The  full  complement  of  new  targeting  subsystems  will  revolutionize 
night  and  all-weather  combat  capabilities,  and  will  markedly  alter  the  nature 
and  amount  of  training  for  these  conditions. 

(6)  Navigational  abilities  in  night  NOE  flight  are  a  very  serious 
concern. 

(7)  The  Pilot  Night  Vision  System,  the  Target  Acquisition  and 
Designation  Systems,  and  Head  Up  Display  alter  the  cues  now  normally  used  in 
piloting  and  combat  activities,  and  will  require  corresponding  changes  in 
training. 

(8)  Pilot  coordination  of  images  from  different  displays  with  visual, 
perception  of  the  external,  environment  may  pose  significant  problems, 
including  severe  disorientation. 

(9)  If  a  tilt-rotor  configuration  is  accepted  for  the  SEMA-x,  or  any 
other  future  Array  aircraft,  special  training  will  be  required  for  the 
transition  regime  from  hover  to  forward  flight  and  the  reverse. 

(10)  The  potential  for  air-to-air  combat  between  helicopters  in  future 
wars  poses  a  very  serious  training  problem  because  there  is  no  foundation  of 
combat  experience  upon  which  doctrine  for  this  role  can  be  built,  and  without 
such  doctrine,  training  needs  cannot  be  determined. 

ft 

11.2  SCORING  MODEL  EVALUATION 

The  scoring  model  evaluation  produced  a  large  amount  of  detailed 
information  concerning  the  relative  importance  to  training  of  the  many  factors 
involved  in  the  introduction  of  new  Army  aviation  systems. 

This  information  tends  to  be  specific  with  regard  to  each  factor,  each 
combination  of  factors,  and  each  system  and  subsystem.  These  evaluations  were 
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used  in  the  subsequent  development  of  training  needs  and  do  not  lend 
themselves  to  a  separate  synopsis.  Therefore,  it  is  recommended  that  Section 
5  be  reviewed  by  those  interested  in  the  evaluation  of  individual  system 
training  needs,  or  in  the  relative  importance  of  a  given  factor  among  all 

systems. 
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11.3  SYSTEM  AND  SUBSYSTEM  CHARACTERISTICS 

The  information  provided  by  Army  personnel  with  respect  to  the  training- 
related  characteristics  of  new  Army  aviation  systems  and  subsystems  was 
presented  in  detail  in  Section  3.  This  information  concisely  summarizes  the 
salient  features  of  each  system  and  subsystem  as  perceived  by  highly 
knowledgeable  persons. 

Section  3  thus  provides  an  excellent  reference  source  for  those  who  wish 
to  know  what  characteristics  of  future  Army  aviation  equipment  are  most  likely 
to  influence  training  requirements. 

11.4  SYSTEM  ELEMENTS  WHICH  WILL  ALTER  TRAINING  REQUIREMENTS 

(1)  New  technologies  for  the  display  of  Information  were  identified  as 
the  system  element  most  likely  to  bring  about  changes  in  training  needs. 

( 2)  Changes  in  target  detection  and  acquisition  systems  will  also  have 
a  major  effect  on  training. 

(3)  Automation  of  many  manual  flying  activities  will  shift  crew  duties 
toward  management  of  the  helicopter  as  a  combat  system,  with  correspondingly 
less  emphasis  on  some  flying  skills. 

(4)  Nap-of-th e-Earth  flying  may  remain  the  most  critical  of  all 
training  requirements. 

(5)  Both  the  Near-term  and  the  Far-term  Scout  Helicopters  will  require 
radical  changes  in  training  methods  for  air-to-air  combat-  and  target  detection 
and  attack. 

(6)  The  Army  Digital  Avionic  Systems,  Integrated  Digital  Systems 
Validation,  and  Advanced  Digital  Optical  Control  System  will  substantially 
alter  methods  of  training  for  NOE  flight,  navigation,  and  instrument  flying. 

11.5  CHANGES  IN  TRAINING  REQUIREMENTS 

(1)  As  CRT  displays  become  increasingly  sophisticated,  less  training 
will  be  required  for  pilot  adaptation  to  cockpit  instrumentation 
configurations.  Training  will  shift  to  emphasize  pilot  ability  to  recognize 
information  needs  and  call  for  such  information  to  be  displayed.  Instrument 
scanning  for  system  condition  and  checkout  will  be  replaced  by  automation, 
greatly  reducing  training  needs  in  this  area. 

(2)  Books,  lectures,  static  display  models,  and  cockpit  replicas  will 
be  substantially  replaced  by  computer  controlled  CRT  training  devices  and 
computer-ass  is  ted- instruction.  Training  will  be  directed  toward  the  positive 
reinforcement  mode,  minimizing  opportunities  for  incorrect  responses. 
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(3)  Special  training  will  be  required  to  prevent  vertigo  and 
disorientation  associated  with  the  requirement  for  crew  integration  of  the 
multiple  images  of  the  new  displays  with  the  visual  perception  of  exterior 

references. 

(4)  Basic  flying  training  time  may  be  reduced  in  favor  of  increased 
training  for  combat  operations,  much  of  which  can  and  will  be  done  in 
simulators. 

(5)  Many  combat  tasks,  such  as  target  detection  and  attack,  will  be 
performed  on  the  basis  of  information  presented  in  electronic  displays. 
Therefore,  the  need  for  flying  time  and  full-task  simulation  training  in  these 
skills  will  be  reduced  in  favor  of  part-task  trainers  simulating  only  the 
display  and  the  specific  task  controls,  at  least  until  part-task  proficiency 
is  fully  achieved. 

(6)  Full-task  training  for  combat  operations  must  include  realistic 
threat  simulation,  must  require  the  simultaneity  of  actions  involved  in  actual 
operations,  and  should  attempt  to  introduce  the  psychological  aspects  of 
combat. 

(7)  Training  for  adverse  weather  operations  will  require  an  increasing 
portion  of  curriculum  time. 

(8)  Increased  night-time  NOB  operations  will  require  substantial 
efforts  to  develop  new  training  methods  and  devices.  Very  possibly  these 
operations  will  also  require  selection  of  personnel  with  special  aptitude  for 
night  operations. 

(9)  Rapid  deployment  operations  will  necessitate  greater  training 
emphasis  on  several  tasks  associated  with  such  operations.  Examples  of  such 
tasks  are  long-range  navigation,  in-flight  refueling,  and  heavy-lift 
helicopter  operations. 

(10)  Changes  in  the  characteristics  of  the  population  pool  available  to 
meet  Army  aviation  needs  may  require  alterations  in  methods  of  selection  as 
well  as  in  methods  of  training.  The  direction  of  selectivity,  regardless  of 
variations  in  supply  and  demand,  should  be  continuously  toward  identification 
of  those  abilities  and  aptitudes  specifically  associated  with  Army  aviation, 
and  selectivity  should  consider  only  those  so  identified. 

11.6  PERSONNEL  AVAILABILITY 

(1)  Conditions  which  would  decrease  total  Army  accessions  and/or 
increase  demand  relative  to  present  levels  could  increase  the  Army  aviation 
aircrew  demand  to  27  percent  of  the  total  Category  I  and  II  male  accessions. 
This  would  place  severe  strains  on  training  and  standards,  would  greatly 
affect  other  Army  personnel  needs,  and  would  result  in  pressures  to  increase 
the  number  of  women  in  the  helicopter  trainee  program.  Continuation  of  the 
present  level  of  training  of  1,650  helicopter  pilots  annually  should  not 
require  significantly  different  standards  of  acceptance  nor  pose  major 
problems  in  obtaining  trainees.  However,  this  statement  is  true  only  if  total 
Army  accessions  can  be  maintained  near  current  levels. 

( 2)  The  best  currently  available  model  for  predicting  Army  personnel 
accessions,  the  Fernandez  model  described  in  Section  8,  is  based  on  data  for 
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the  period  1971  to  1979.  The  population  base  in  that  period  is  very  different 
from  that  which  will  exist  in  the  198  2  to  2000  period,  and  therefore  makes 
predictions  based  on  the  Fernandez  model  invalid.  Problems  in  Army  staffing 
will  be  much  more  severe  than  any  forecast  using  the  Fernandez  model  would 
indicate. 

11.7  BEHAVIORAL  RESEARCH  REQUIREMENTS 

The  final  objective  of  this  study  is  the  determination  of  specific 
behavioral  research  efforts  needed  to  support  the  development  of  future  Army 
aviation  training  programs.  Therefore,  the  summary  of  findings  with  respect 
to  this  objective  is  presented  in  the  next  section,  "Areas  suggested  for 
Research  Effort". 
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SECTION  12 

AREAS  SUGGESTED  FOR  RESEARCH  EFFORT 


The  findings  of  this  study  with  respect  to  identification  of  behavioral 
research  which  needs  to  be  conducted  to  support  development  of  future  Army 
aviation  training  are  described  in  the  following  paragraphs.  These 
suggestions  are  derived  from  the  information  obtained  from  the  interviews  with 
Army  personnel  and  from  the  review  of  pertinent  literature,  together  with  the 
use  of  the  scoring  model  evaluation,  as  described  in  the  prior  sections  of 
this  report.  Priorities  for  research  and  a  structured  program  are  not 
included  since  these  are  properly  the  responsibility  of  the  Army  to  determine 
and  thus  were  not  intended  to  be  a  part  of  this  study.  However,  the 
information  presented  in  this  study  should  provide  at  least  a  partial  basis 
for  the  development  of  priorities  and  structuring  of  research  programs.  The 
synopsis  of  suggested  research  in  this  section  contains  only  the  major 
highlights.  Additional  suggestions  and  supporting  information  were  given  in 
Section  10. 

(1)  The  appropriate  balance  between  simulator  training  and  flying 
practice  has  yet  to  be  determined.  Research  to  define  this  balance  should 
include  controlled  experiments  comparing  objectively  measured  performance, 
evaluation  of  trainee  perceptions  of  confidence,  and  determination  of  amount 
and  type  of  actual  flying  needed  to  meet  aircrew  psychological  needs. 

( 2)  Behavioral  research  is  needed  to  determine  the  optimum  integration 
of  visual,  auditory,  and  tactile  sensory  inputs.  This  research  should  be 
directed  toward  practical  applications  in  cockpit  design. 

(3)  Further  research  is  needed  on  aircrew  behavior  at  the  limits  of 
workload  saturation.  Topics  of  inportance  are  saturation  of  information 
processing  ability,  exceeding  of  action  response  times,  and  crew  failure 
modes. 


(4)  Operations  research  is  needed  to  define  the  trade-off  between 
ground  environment  impact  losses  and  losses  from  enemy  threats  for  various 
speeds  and  altitudes.  Th is  information  must  then  be  provided  to  commanders 
and  aircrews  to  guide  doctrine  and  tactics. 

(5)  The  possibility,  and  potential  gains,  of  reversing  the  training 
sequence,  so  that  instrument  flight  training  in  simulators  precedes  visual 
flight  training  in  aircraft,  should  be  examined.  The  importance  of  this 
question  is  emphasized  by  the  fact  that  most  "washouts"  occur  during 
instrument  training,  after  substantial  costs  have  been  incurred  in  actual 
flying  training. 

(6)  Detailed  flight  task  requirement  analyses  of  night  NOE,  air-to-air 
combat,  and  rapid  deployment  operations  are  required  to  support  development  of 
training  programs. 

(7)  Research  is  needed  on  the  physical  and  psychological 
characteristics  which  are  important  in  night  flight  operations.  This  research 
should  support  development  of  crew  selection  methods,  training  programs,  and 
operational  doctrine  for  day  and  night  operations,  including  examination  of 
the  concept  of  separate  squadrons  for  day  and  night  employment. 
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(8)  Most  research  on  NOE  operations  has  concentrated  on  terrain  and 
vegetation  conditions  which  facilitate  helicopter  concealment.  Therefore 
research  is  needed  on  NOE  capabilities  in  relatively  flat,  treeless  terrain, 
and  in  built-up  metropolitan  areas. 

(9)  Behavioral  research  is  needed  on  close-formation  helicopter  flight 
factors,  including  the  mental  concentration,  near-field  distance  perception, 
and  flying  skills  required  in  high-stress  combat  environments. 

(10)  Determination  of  aptitudes  for  information  processing  and 
decision-making  tasks  will  require  substantial  research  support  as  aviator 
workloads  involve  increasing  amounts  of  such  activities. 

(11)  Optimization  of  cuing  systems  in  CRT  displays  will  require  a  basis 
of  fundamental  understanding  of  human  response  to  a  sequence  of  task-related 
visual  abstractions.  Applied  research  in  this  area  will  have  great  difficulty 
in  breaking  away  from  past  instrumentation  practices  and  ingrained  aircrew 
habits. 

(12)  One  useful  research  approach  to  the  determination  of  helicopter 
crew  cockpit  information  needs  could  use  a  "zero-base"  concept.  That  is, 
flight  simulation  could  be  initiated  with  no  cues  other  than  external  visual 
references.  Then  incremental  units  of  information  would  be  added  only  as 
necessary  to  prevent  failure  or  improve  performance.  This  might  well  lead  to 
a  different  hierarchy  of  cockpit  information  cues  than  the  present  system, 
which  is  the  result  of  instrument  accretion. 

(13)  Research  is  needed  to  identify  the  types  and  amounts  of  mission- 
related  information  that  are  required  on  maps  and  map  displays,  particularly 
for  NOE  operations.  This  research  should  consider  the  potential  which 
electronic  displays  have  for  suppressing  of  unneeded  information,  changing 
scale  and  orientation,  and  emphasizing  specific  items. 
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